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, AMF Master-Sliave Manipulators 
are now “mass produced” 


AMF -— the largest producer of Master-Slave Manipulators for radio-active 
materials handling —has developed manufacturing improvements that make 
it possible not only to satisfy your increasing demands more quickly, but to 
give you the benefit of production economies as well 

The AMF Master-Slave Manipulator — Model No. 8 as developed by the 
Argonne National Laboratory— is one of a variety of remote-handling devices 
manufactured by AMF. It has a sensitive “‘touch’’, yet is capable of handling 
weights of 30 Ibs. or more. With a “slave” wrist action that practically dupli- 
cates human wrist motion, it allows the operator to perform highly complex 
hot-cell operations with relative ease and complete safety 

Made in a variety of tube lengths to fit shielding walls for both high-level 
and low-level hot cells, the AMF Manipulator is available with a 36” or a 39” 
Z motion, giving a full slave arm length of approximately seven feet. Both 
right-hand and left-hand models are available, and an interchangeable 
general-purpose tong as well as through-wall tube shielding are included 
with each unit 

If you have, or anticipate, a problem in the remote handling of radio- 
ictive materials, it will pay you to get in touch with AMF. ..a leader in the 
development and manufacture of nucleonic equipment, from remote-handling 
systems to complete reactor systems for government and industry alike. 


AMF ATOMICS Inc. 


Subsidiary of AMERICAN MACHINE 4 FOUNDRY COMPANY 
AMF Building + 26) Madison Avenue, New York 16, N. Y. 
Be sure to see BOOTH 227-3), Exhibit HollA, at the 1955 Atomix 
Exposition, Public Auditorium, Cleveland, Ohio, December 10-16 
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STAINLESS STEEL LABORATORY EQUIPMENT 


for work with 


RADIOACTIVE MATERIALS 
and contaminants 


in the biological field 


CREVICE-FREE CONSTRUCTION ASSURES EASY 
CLEANING AND DECONTAMINATION-~Blickman 
equipment is designed for handling radioactive materials, 
bacteria, viruses and other hazardous substances. Stainless 
steel, all-welded, seamless round corner construction makes 
decontamination simple .. . Send for our booklet—"A 
Typical Radio Chemical Laboratory,” or for technical bul- 
letins about specific equipment. 








FUME HOODS 


All stainless steel fume hood for handling 
hazardous substances. Available with or with- 
out stand-in units 4, 5, 6 and 8 ft. long 
Round corner, crevice-free construction. Bul- 
letins E-1 and E-3 


CONTAINERS 


<q Stainless steel receptacles for 
radioactive waste. Foot lever 
rotates segment in cover to 
eliminate air movement and 
prevent spread of contamina- 
tion. Bulletin B-2. 


CAGES 

Open view of p» 
Blickman stain- 
less steel animal 
cage. Easy to 
clean, durable, 
corrosion resist- 
ant. Bulletin C-1. 


TAINIE 


LABORATORY EQUIPMENT 


‘f) Blickman-Buil 





Fumi HOODS 
On BOxES 
ANIMAL CAGES 
PROCESS UNITS 
PEG BOARDS 


DRY BOXES 

4 Stainless steel low 
intensity dry box. 
Rounded corners 
to facilitate clean- 
ing and decontami- 
nation. Available 
in several sizes. 


Bulletin A-1 


Micro- 
Biological 
FILTER 
CANISTER 


Micro-Biological Filter 
Canister and Filter Housing 


atmovens Couns 
saree OF anpane 
mH 20 OO OOrE aK 
rate maremeas 


@ This micro-biological filter canister is designed to 
filter out and destroy micro-organisms that may be pres- 
ent in exhaust air from experimental and production 
work done in the enclosures. It can be adapted to exist 
ing equipment or new equipment built for the labora 
tory, such as hoods, dry boxes and enclosures. These 
include various types used in biological and pharma 
ceutical research or production, 


SEMI-HOT FUME HOODS 
LasoRatony 

ony Waste imens 
LIQUID WASTE CONTAINERS 
LABORATORY STOOLS 
STAINLESS STEEL SINK UNITS 


S. BLICKMAN, INC. 7912 Gregory Avenue, Weehawken, N. J. 
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STANDARDS 


sfe [ OF 1%... LABORATORY 
am: 


the primary instrument standards the world over... 
for instrument checking and maintenance, and wher- 
ever measurements must be made to a high degree 
of accuracy. Available as D-C Voltmeters and D-C 
Ammeters, and as A-C and D-C Volumeters, Am- 
meters, and Single Phase Wattmeters. 


2 ZZ, OF 1%... PORTABLE 


STANDARDS 


the portable reference standards, for checking in- 
struments, certified test work, and laboratory meas- 
urements. Available as A-C and D-C Voltmeters, 
A-C and D-C Ammeters and Milliammeters, D-( 
and Single Phase A-C Wattmeters, Poly Phase Watt- 
meters, Power Factor Meters, Frequency Meters and 


Phase Angie Meters. 


ale 
© {eACCURACY RATED 


Weston’s comprehensive selection of accuracy 
ratings enables you to choose instruments which 
exactly meet your measurement needs from every 
standpoint...conservatively rated accuracy, long 
life, low cost. For literature, consult your local 
Weston representative, or write direct. 


WESTON Instruments 


WESTON Electrical Instrument Corporation 
614 Frelinghuysen Ave., Newark 5 N. J.— A subsidiary of Daystrom, Inc. 


S& | %...Fie.o AND SHOP 
INSTRUMENTS 


STANDARDS 


ofe % OF 1%...WORKING 


the rugged portables for general test work where Miniature D-C portables for accurate measurements 
long, readable scales and high shielding are desired. in shop or field, Available in all required ranges as 
Available as D-C Volimeters, Ammeters, Milliam- D-C Voltmeters, Millivolometers, Ammeters, Milli- 
meters and Volt-Ammeters; and as A-C Volemeters, ammeters, and D-C Volt-Ammeters. 

Ammeters, Milliammeters, and multi-range Amme- 

ters and Voltmeters; A-C and D-C Single Phase 

Wattmeters, 
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RADIO (DEVELOPMENTS) LTD. 


DUST SAMPLING UNIT Type 1355B 


This is basically a household suction-cleaner fitted with a special 
nosepiece, which contains a filter-paper holder and an anemometer 
The dust from the air sampled is collected by filtration through the 

rcular filter-paper disc, of 5-cm. effective diameter. The total air 
possed through the filter-paper in a given time is measured by the 
Utilizing good quality filter-paper, which combines low 
with good filtering efficiency, the rate of air-flow is 


anemometer 


air stance 


RADIO-ACTIVE 
DUST SAMPLING 
EQUIPMENT 


(Developed in collaboration with 
Harwell Atomic Energy Research Establishment) 


This group of instruments forms a universal 
dust and contamination sampling equipment. In 
addition to the instruments illustrated, 
loading and unloading jigs for 
filter-paper samples are included as standard 
equipment. Whilst the various instruments 
are designed to work together, they can also 
be supplied separately and used 
individually in works or laboratory. 


about 150 litres per minute. An air-bleed, between the filter-paper 
and the motor, passes enough air to keep the motor reasonably cool 
even if the filter-paper becomes clogged. A flexible attachment, 12 ft. 
6 in. long, allows samples to be taken from, for example, the ‘work- 
point’ on a machine fabricating radio-active material. Input: 230 
volts, 50 cycles. Alternatively, a 50-volt, 50-cycle model (type 
1443A) is available to special order 





RATEMETER Type 13558 


This is a universal scaler/ratemeter to the following specification 
100 counts/sec. 
10,000 counts 


Counting-rate ranges 1, 10, 

Integrating ranges 100, 1,000, 

Stabilized E.H.T. supply 

for probes Variable O-—1,600 volts 
25mV. with gain-control * 100 


Trigger sensitivity 
proportionately less ot lower gains 


Dead time About | millisecond 
Loodspeoker, with volume control, 
fitted for ‘audible search” 


230 volis, 50 cycles or 50 volts, 50 cycles 


CASTLE Type 13558 


Circular in form and made of 
machined iron blocks it houses 
on EHM2S end-window geiger 
tube (2 mg/cm’ wall) for meas 
uring beta activity collected on 
filler-poper or for general beta 


sample measurements 








— 


— 
- 


BETA/GAMMA PROBE Type 1257C 


,eneral contamination, etc., monitoring Uses B12 geiger-tube 
ng with sliding-window (30 mg/cm wall) 





i a DRAWER-ASSEMBLY 


Type 13558 

Converts the Alpha Probe to 

Uses an E.M.!. 6097B muiti a sample-counter for measuring 
plier-phototube and zinc-sul the collected on the 
phide scintillation-screen, for filter-paper or for general alpha 
bench, etc., monitoring Moni 
tors a square crea, 8.5 cm. » dow 
8.5 cm diameter 


ALPHA PROBE 
Type 13558 


activity 


measurements Win 
5 om 


sample 
aperture is circular, 





Designers and manufacturers of: Logarithmic Ratemeters, Pulse Generators, 
All Time-base Equipment, X-Ray Dose Meters, Linear Amplifiers, Quench Amplifiers, 
Gomma-Radiation Monitors, Radar Equipment 


enquiries 


STEVENAGE 


See Stand 228-232 
Atomic Exposition 


CLEVELAND 








HERTS - ENGLAND, U. K. 
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Atomic reactor fuel elements—a few of many thousands 
produced by Sylvania’s nuclear fuel manufacturing facilities, 


Hicksville, N. Y. Fuel shown %% actual size. 


10,000 tons of coal...1955 style— 


Wren THE ATOMIC ENERGY POWER 
plants now in planning are com- 
pleted, reactor fuel may become as 
important economically as coal, gas 
or oil is today. 

Recognizing this, wise planners in 
atomic energy are investigating re 
actor fuel sources now . . . discover 
ing that Sylvania has long been a 
leading producer of nuclear fuel ele- 
ments and reactor components. 

Sylvania’s Atomic Energy Divi 
sion is thoroughly equipped to supply 
production quantities of standard 
atomic fuel elements or special de 


signs to meet your particular require- 
ments. In addition, Sylvania will 
work with you in developing effective, 
economical fuel reprocessing methods 
so that your over-all costs will be as 
low as possible. 

If your power or research reactor 
is still in the planning stage, you are 
invited to take full advantage of 
Sylvania’s years of pioneering experi 
ence in the design and manufacture 
of atomic fuels and specialized com- 
ponents such as pumps, valves, test 
loops and reactor control elements 
You will benefit from the combined 


skills and experience of more than a 
hundred specializing scientists 
and engineers. 

Whether you are operating, plan- 
ning, or just thinking about power 
reactors—Sylvania’s scientific and 
engineering staff will gladly discuss 
your problems with you. For further, 
detailed information including a de- 
scriptive brochure of Sylvania’s 
atomic energy activities, call or write: 





SyYLVANIA Evecrric Propucts Inc. 
Atomic Energy Division, P. O. Box 59 
Dept. M55V, Bayside, New York 


v SYLVANIA 


ATOMIC ENERGY DIVISION 


LIGHTING RADIO -: 


6 


ELECTRONICS 


TELEVISION °* 
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for Nuclear Research... 

for Nuclear Development... 
for Nuclear Power... 

for Nuclear Industry .. . 


VACUUM 


. created and maintained at required levels swiftly, 
accurately, consistently by Kinney High Vacuum Pumps. 
16 vacuum pump models, single stage and compound, all 
available for gas ballasting. Capacities range from 2 cu. 
ft./min. to 1230 cu. ft./min. Kinney Compound Pumps 
produce low absolute pressures to 0.0002 mm Hg .. . Single 
Stage Pumps to 0.010 mm Hg. Consult Kinney for Vacuum 
Engineering data and recommendations. District Offices in 
Boston, New York, Philadelphia, St. Louis, Cleveland, 
Chicago, Charleston, W. Va., Detroit, Houston, New 
Orleans, Pittsburgh, San Francisco, and Los Angeles are 
all competently staffed to discuss vacuum with you. 


KEN NEY wie. oivision 


THE NEW YORK AIR BRAKE court) 
3614 WASHINGTON STREET + BOSTON 30+ MASS 


INTERNATIONAL SALES OFFICE 90 WEST ST NEW YOoRR 6 WY 








NEW 
EXPANDED FACILITIES 


AT NDA FOR 


i 


Sy : REACTOR DESIGN, DEVELOPMENT To keep a lead in atomic 
AND MANUFACTURE energy development, NDA has 
Ain intl greatly expanded its laboratory, 
engineering and fabrication 
facilities. These included en- 
larged shops,chemical and 
metallographic laboratories, 
liquid metal and high temper- 
ature experimental facilities 
7] RADIOCHEMISTRY and the Westchester County 
/ Computing Center. 

Work has also begun on a re- 
actor critical facility and “hot” 
laboratory at NDA’s 1200-acre 
Nuclear Experimental! Station 
near Pawling, New York. 

Concurrent with this expan- 
sion in physical facilities, many 
HIGH PERFORMANCE EXPERIMENTS SeneNEES SOE SEEN are 
being added to the staff to for- 
ward NDA’s growing list of 
projects. 

Call or write for additional 
information on how NDA can 
work with you. 


COMPUTING SERVICES AND 
DATA HANDLING SYSTEM DESIGN 
AND CONSTRUCTION 





N D yaN Nuciear DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N.Y. + TEL. WH 8-5800 
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ROUNDUP of Key Developments in Atomic Energy 





AEC Faces 
Hearings 
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LATE NEWS and Commentary 


With Congress due back Jan. 3, and the second annual “Sec. 202 Hearings” 
before the Joint Committee on Atomic Energy on the state of the atomic industry 
due to start within 60 days thereafter, AEC is working at full tilt preparing to 
put its best foot forward. (The report of the McKinney panel on the impact of 
atomic energy on American industry is to be submitted to the Joint Committee 
on Jan. 31, and it is unlikely that the main part of the hearings, expected to be 
based this year on the Mc Kinney report, will begin before then. ) 

The regulations spelling out the application of the '54 atomic energy law to 
civilians, published over the past year in tentative form for public comment, will 
all have been issued in final form—so AEC expects—by the turn of the year, 
except one. That one, on radiation hazards, elicited more suggestions and criti 
cism than any other; and because it affects so many groups, from radioisotope 
users to reactor owners, AEC’s Division of Civilian Application will take all the 
time it needs to get it in shape. 

Before completing revision of the regulations in the light of public comment, 
Civilian Application sought the “views and advice” of industry on policy matters 
It called in representatives of industry for a second round of discussion. As in 
March, invitations were in four groups: to electric utilities, equipment manu 
facturers, chemicals makers, and research organizations. Among the examples 
aired of current thinking in AEC on issues outstanding were these: 

¢ Licenses for fuel fabrication facilities may be eliminated, with only the 
mandatory licensing of fissionable material used at the facility retained 

¢ Conversion of 104 (research) to 103 (commercial) reactor licenses will not 
become a problem; a 104 license, once granted, will be renewed as such for the 
economic life of the plant. 

¢ The reactor safeguards staff within the Commission is being groomed event 
ually to take over the routine reviewing of reactor hazards evaluation reports 
This will permit the Rogers McCullough committee, a part-time, volunteer—and 
overworked—group, to revert to its originally-planned function as an advisory 
group on safeguards policy. Charles D, Luke has been shifted from director of 
the classification division to technical assistant to the director of Civilian Applica 
tion on health and safety. Charles L. Marshall, deputy director of classification, 
moved up to head that section. 

* In drawing up radiation safety codes, one objective of Civilian Application 
is to achieve uniformity of the various state rules and the federal rules that will 
be written, to prevent conflicts. To this end, twelve state public health or in 
dustrial hygiene officials were named by AEC as a board of advisers, to permit 
AEC to maintain closest cooperation with the states 

* As regards insurance, AEC is up in the air awaiting a report from its in- 
surance industry committee, scheduled to meet this month. Three unknowns 
confront AEC: the maximum coverage that the private insurance industry can 
raise, the premiums it would ask, and the additional coverage deemed necessary. 
Until these are determined, the Commission cannot decide what additional 
legislation, if any, it should seek from Congress regarding power reactor li: ability. 
Industry is reported to have decided $30-$40-million is the most it can write. 
One opinion heard at AEC—although not necessarily the one that will prevail 
is that any reactor not safe enough to require more coverage than that ought not 
be built. 

While the equipment manufacturers were assembled, AEC reactor chief W. K. 
Davis seized the opportunity to ask for expressions of interest by industry in 
building a small pilot liquid-metal-fueled reactor (see p. 14). 
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Euratom’s first main task will be 
the promotic perhaps even actual 
owners! 


installation 


ip—of a number of common 
Among the se, highe st 
priority is assigne 1a U™ oe paration 
plant—so | hat many are urging 
that plan lo 


without even 


forward at once 
Vaiting tor signature 
of the pa t ¢ tablishing Kuratom 


They plead the 


importance of mo 
ing in on atomic industry before the 
vested interests are too firmly en 
trenched: al the need to anti ipate 
i pe ssible { Ss 
vith DO 
that { 


cut-price offer (a 
finall 


inportant today, may 


the possibility 


be ‘SS SF dozen years’ time 
ope separation 

plant { written off as 
quickly ‘ ) and it is de 
sirable to g it maximum useful 
life Judy in ! ost estimates 
the separa it contemplated 
would be on much smaller scale 
than Oab 
ment only 
Other ¢ 
templated 


ment and 


I partial enrich 


installations con 
include a measure 
center i chem 


ical re proce nt to remove Pu 
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and unconsumed | an isotopic 
separation plant for D.O; and the 
building of prototy pe reactors—fixed 
and mobile research ind powel 

It is ugvest 


nation pool of nuclear pate nts, and 


there be a. six 
that any discovery made in a com 
mon installation be treated as com 
mon property Euratom may also 
be empowered to buy patent rights 
from nonmember countries 
Second big job for Euratom is 
seen as ensuring the supply of nu 
clear fuel to all member states at a 
common price Phe experts contend 
coherence to 


differs nee 
of opinion as to how far the Euratom 


this is what will give 
the plan There is some 
powers should go. but it is agreed 


the minimum terms would permit 
no member country to buy nuclear 


fuel for 


poses ext ept from 


scientific or industrial pul 
itself 
independent 


Kuratom 
This would rule out 
buying, but would leave the inte 
grated French system to look after 
its own needs through its own AE¢ 

The form of the 


zation will be decided at ministerial 


Euratom organi 
level, with the ultimate sanction ol 
the parliaments of the six powers 
It is suggested that there be a Board 
of Commissioners with re sponsibility 
for Euratom policy; but the minis 
ters will have to decide whether the 
commissioners will be represt nta 
tives of their national government: 
or—like the 9 members of the High 
Authority of the Coal and Steel 
(Coommunity upt inational beings 
who have forsaken their nationalitie: 
for the higher duty of 
collective organization 

to the Commi mer in any Case 
will be a Council of Specialist wh 
will be the real brai: 

One of the Commissioners will act 


serving the 


Responsibk 


of the agency 


§ managing ¢ tor to ensure the 
dispatch of day-t hil 
The experts report makes it quite 
clear that 
to deal with gov ment 
that may, a nee, be 


bu bit 


though the pl in will have 
agencies 

vested 
with full ownership and monopoly 
power the aim is to encourage pri 


vate industry 


Belgium Buys Westinghouse Reactor to Light World's Fair; 
11.5-Mw Plant is First Nuclear Power Unit Sold for Export 


Belgium t the first 
power re » be sold for export, 
ind We: e made the first 


sale 1 500-kw 


American 


pressurized 
water re rst power pile to be 


her in the world, is 


to be compl ted at Lacken, a suburb 


of Brussels, in time to upply ilmost 
one-third of the power load that will 
be re quired by the Brussels World's 
April | 19548 lo 


schedule ill components 


Fair opening 


meet this 


11 
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must be on 
at the latest 
for August 


the purcl 
tween 16 
between 
kilowatt 
times 1 
tional p 
ever the 
vinece;re 
core 


co 


ment 


bein 
ate mntere 
dicates Orv 
of 20 of the 
trial concert 


iforaic ener 





Washington Report 


The Maritime t t t Hol | l¢ rojee ire eng | t 


( rmiucted Obl 
ing for price lor irface SI notably the New 
merchant shi ker, to b yper n | Jews» yuildis Vestinghe arge Ship Re 
June 1959 | in directly 
june 1961--ha i t ft i om ! rn i altha 24 com 


powered mere! 
The Mariti 
hap up apr } 


vive 


fon ibout 
ibout 2 | 
hon EPO 
of heat 
Although 
Maritime | ( n 
start out on Cu thi: is | | te the Pre 


space ived atoms wert 


verted immediate ommittee 
hip this might 
always iil vith 
But outlook | 
re sional co 
They say 
type i 
atom 
advance 
ships 
ession 
ships in op 
Nautilu type 
10 years nee 
ipproach Comil 
Another rea 
bad start is 
tom ships 


chant Marine ¢ 


meri in 
Committers \ Man turing Corp.; Kaiser Engi 
top Now neit ' it ‘ , ; ga I 6 or Y 1 Motors (Cleveland 


ifacturi ( Amer! } 
ing out on its ACERS 2s 
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tivity ever 
of a leak in t 
It is said that 
confidence in the ] 
ind the high pr bal 
fr insurance Cove 
ie Belgians to plar 
urance on the plant 
] 


will supply natural 


AKC 


iOUSE 


of the first core is ex 
be from 8,000 to 10.000 
full load, attaining 104% 
Spent fuel elements will 


ed ind handled under 


1 eventually returned 
re} rocessing 
Belgium may build her 
facilities. If the 
to be supplied by 
the terms of the U. S 
lateral igreement would 
it mandato for the fuel 
ct ( | in the | S 

Or Was conceived and 
is a straight power reac tor 
will be no experimental 
as test holes, that 
ith its primary pul 
le Spek indicated 
be rigged with “all 
facilities and instru 
easuring its opel iing 
i 1 powel producer 
use officials objecte 1 to 


t the reactor lesign 


thie Shippingport PWR 
Lot, 


ng to the same fam 
the Belgian design is 
wd trom Shippingport 
e of lessons learned 
stressed The new 
vill differ consider 
haracteristic core 
ise of slightly rather 
hed uranium 
that Westing 
sale of ten 
i order to 
costs, and that 
leavor may be 
al price of the 
other sale of 
Westinghouse. to 
n apparently iwail 
clusion of a power bi 
n Italy and the 
im EE. Knox, presi 
thouse International 
umber of active ne 
present time 
} eden 
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About the Industry 


Widespread industry plans to increase zirconium production 
and handling capacity came to light last month A two-day zi 
m conterence ponsored by the Atomic Industrial Forum 
New York 125 kev figure | neta istry to di 
ct CS and al 
lum Metals Co at pre ent the only xlucer of low 
n reactor-grade Zr. i: upplying 100.000 Ibs annually to AKC 


naller amounts to private reactor programs here and abroad 
dertaking an expansion that will vive it a ¢ pacity it least 
$25,000 Tb per year by Feb. 1, 1956. In addition it is planning 
furthe: expansion whereby we can double this new « ipacity by 
the fall of ‘56 and provic Th required capacity by July 1957 
Alleg] v-Ludlum Steel ¢ orp with a 17,000-lb monthly melting 
capacity now and 25.000 Ibs by year’s end is now installing “the 
industy largest Zr-melting furnace It expects a r¢ Ib 
reduction in ingot price 
Brid eport Brass which until now ha 
irch 1 71 hopes to get a vacuum-annealing furnace early in 
1956 to complete existing drawing pickling and extruding facilitie: 
National Research, manufacturer of Zr meltis equipment now 
ha iailable vacuum furnaces with a melting « ipacity of SO Ib 


but j ‘confident « ipacities up to 2OOO Ibs can b furnished on 


the Bureau of Mines is installing in Alban Ore 

earch station a new furnace that will increase the maximum size 
{ Zr castings from 150 to 250 Ib 

Dr. hk. ¢ Dalzell of AK( pointed out that the Commission's firm 
requirements for Zr had risen in four years from 175,000 to 900,000 
Ibs annuall 
ind that before 5 years are up we will be seeking additional sup 
plic } 
of reactor-grade sponge, ¢ pects three new process other than 
Kroll) to be perfected commercially It also radical re 


duction in cost ahe id 


I have no hesitation in saying thi vO nich 


if pore lic ted ae l rhOW eckineg i | nad prrinine produce 


Attacks on the radiation health problem through chemistry were 
also foreshadowed at the zirconium conference \ speaker re 
ported that “certain zirconium chemicals are now under develop 
ment for treating animal ubjected to pluite tum omcestion I} 
injecting Zr salts into animals within an hour after w Pu gets into 
thie lood stream, the Zr salt decompose incl pthe Pu Half 

pre ent is ¢ x pe lled within a da “remaining om 
the bloodstream is diverted from the bone to ot} | where it 


removal i iccompli hed by chelating agent 


AEC revised its bid to purchase uranium salts from industry 
lizing the terms of its call last month (NU. Ne 9, p. 19 
nitrate made a another tep in the Conmunission 

pand thr cope ol private participation j the atomic 

ram AKC gave industry 6 months mo fo prepare 

19 more to commence deliverie It also downgraded 

et to confidential the pecific itions for matching 
UF, and UO An orientation meeting for cleared in 
representatives has been set for Dec. 8 by the Division of 
i policy considerations and a general deser ption of 
currently used by the Commission iding related 


L operating cost 
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First U.K. Atomic Report 
Hits Dearth of Skilled 





uunY 


hee! 


theme 
annual rep 
dom Atom 
The 35- 
ended Marcl 
take-over on 
new Authorit 


Vrain and 


P-COCTAiniht 
Ministry of Su lement material 
It reveal { ‘ ibilities are ura 


my 


150 


5455 ¢ 
million (4 
a 55-56 bud 
lion ($141.6 f y as a sensation 
the isotope sup] | ) ag killed sci 
000 $ | i I rt} ind the po ibilit 

the year | the entire 

It vives on t t j pi ct ha 

new res ctors | t it rate which few, if 
Harwell: Dido (« | ’ enterprises would cor 
water moderated ed hl the principal 
enriched U-Al] fueled, hi illment of these | 
flux (10"'n/er t rd with the 

In souping up Id 1 cle ( i killed 








Reactor News 


Holyoke, Mass eel reactor 1} Neve wn on the i 

Connecticut Rives if known i y i ( ‘ is for its first two 
is planning to | AN owe! ten-year White Paper 
power den f t ! j ty Mu pro n ; vel] rmiile I i of Southminster 
nicipal Ga tive ( y formed 10 sla vate is a population 
1 committee to | North American f al Berkeley, on ! tuary 24 miles 
Aviation official err ith the city utilit ) ri i i mark 1e me size 
vhich operat DO { it plants as well as lant h ( vil ) \ om yuilt-up 
distributing na cipal utility is al rea to low planning au 


re idly an acc per Con 
| 


APDA reports on test facility progress Construction of been 
comporne nts t At ! ( pine nt Associate 

$4.3 million test fae lison’s Delray gen 
erating station j ‘ aL APDA executive 
committee announe f i] it testing 
both for safet ’ conditions 
but without the 1 r of full-size 


lau ve s y I N ; liquid metal fueled reactor car 


LMER economically attractive, B&W reports An ex 
r the supervision Ot-~ 
AEC that the sy 
: { e” 
component oOo; tl | reactor heing cde ir futul and 
attractive 


signed by APDA ! i | procurement — ia aeahtaat neat } a 
| i { I t { > ali 


7.1 mills/kwh 
905 Mw built 


plug and used i | é ind. blanket . a Gro} dai u Phe 


\ 
; y 


include the rea 
bly above thy 


inism mounted 


elements and ce | i a rtical sump-type 
centrifugal liqu ) i h a 11,800 gpm ca 
pacity Ceneral ! engineerin 


Bory Warner { \ United ] nel 


neers and Cr ! ( Wilcox are 


ictor site i s Atomic 


Danish 


among the fin tract t compo 
nents The te lit ‘ ted mn operatio 
early in 1957 


Britain names fi 
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tivity in Near East. 
e yet concluded bilaterals with the U. S., bot! 
| tor at half-price | 


icy, rie ther 


o get a research rea 


sident Eisenhower announced this su 
try of health i udying the plar wil 
mproving the country s a ricultural produce in 
inating several contagious disease Official 
id said Iraq would welcome any | 


ition and industry is 


Muheddin Mekl li | 
Lel Lhe’ se Premier R 


Ceylon to press for U. S. reactor The 
it t make a full-scale bid to obtain for C.« 
ctor-equipped nuclear research center offered 
bo Pla 
a 


n countries of! it Asia by t 


itic envoy l ombo Plan cou 
support for Ceylon’s claim rhe 
ntribute $10- to $15-million for the « 
equally ivailable to 


Radiation protection course starts 
{ il course in prot tion acainst 
began in Stockholm: last mont! 
Ith physicist from Belgium, Denmark 
Italy, Netherland Norway, Sweden 
t Germany The course director 
on, chief of the training section for ra 
1 at ORNI lent by the AE¢ other 
from Britain and France The cou 
icularly for health physicists in Europe 
where atomic energy programs are m 
iratively early tage of de velopme rit It 
a conterence in At 
the World Health O1 
the Swe sh vernment Acting 
Swedish Atomic Energy ¢ orp the R 
licine, and the Radiophysics Institute 
ball : 


Mexico prepares for A-power Mexican Light & P 
ed largely by | S.. British and Belgian « ipl 
harked on a broad educational prog S 
been conducting classes in nuclear ener, 
ineers: it has established 5 scholars} 
t Michigan Univ 
ind 3 to students of Mexi« 
been telling the Mexican 
atomic energy applied to the 
through full-page new pay 
iflets distributed with monthly bill 
H. Draper, Jr., board chairman of Me 
company has as vet no “publicly innoune 
pur hase a reactor 


speculation that one of tl 


American & Foreign Power announced jt 
Latin America would go to Mexico, althoug 
iys it has not yet decided which countric 


en An A. F. & P. subsidiary, Cia. In 


as been SOT 
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Empresas Eléctrica 
foreign power company operat 
Mexlite 
Giant British accelerator planned 

| mil id 
rator ol t) ' 
Authori r Harwell 

1 for ( ted 600-Mer 

design studic 
sher in Ew 
it Liverpool 


Joint Scandinavian research center planned 
dic Council at its January meeting in Stockholm will « 
plore further the yp ibilit | tablishing a Nordi 
institute for atomic researcl Representatin f Den 
mark, Iceland, Norway nd Sweden di ed pues 
tion earlier this fall; it is hoped Fin] il 
ticipate Che institute would be k ed in Copenhagen 
to maintain closest ties with Niel nous Institute 
of Theoretical Physics Der k we letray building 
costs and Sweden md Noy tribute toward 
operating expense Sweden as uranium supplies 
ind Norway heavy water 

In addition Swedish ir 
has offered to pay the vr 
lishing an inter-Scandinavian nie re ( istitute to 
be located in Stockholm and Wenner-Gren 


Center 


Atomic training in Germany gets impetus. West 
German Minister for Atomic Question Strau 1 
iounced a government program for establishment of 
chairs and courses in nuclear science. One week later 
the Technische Hochschule in Aachen announced it wa 
starting at once to train nuclear en Aachen j 
primarily interested in atomic po ngimeeru 
is is natural for a universit ituated ¢ the lignite 
fields which contribute an important ic electric 
powel upply of this part of Euro, Wilhelm 
ichs, director of the universit 1 j He 
saw no great difficulty in starting yi yinees 
ential theoreti tue vailable 
faculty had ad ith practical 
vith the working of on ints abroad 
to start teaching rhe | l ‘ already 
establishing themselves n ‘ r export 
business, he said, adding he Germany 
hould not enter it also 


Reactor Plans in Sweden innounced 


plans to build two atomic pow r it a total cost 
of $40 million. One will be a 75,000-kw heating plant 
to be ready in 1960. the second 100. 000-kw plant 
mpl tion Both 
ire joint projects of the Board of Waterfall the Swedish 
power a Iministration), the Ener Corporation 
ind the Asea Electric Co i! vill be built near 
the Asea factories at ViasterA i! Sweden 60 
miles from Stockholm: the second 


in the mountains of southern Swe ! Jo choice of 


for generating electricity, is for 1962 « 


underground 


reactor type has been made yet, according to Swedish 
power chief Ake Rusck. but “indications are that we will 


! 
use natural uranium with heavy w iter a moderator 
| 


Kquipment is expected to come largely from Swedi 


: uppliers 
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News in Brief 


New reporting requirement to be set by AEC. One 
new regulation not yet out but due shortly is that cover 
ing the Sec. 57a(3 
October for American companies to talk to foreign 
countries about unclassified atomic activities. The new 


general authorization granted in 


regulations will include a re quirement for re porting to 
AEC, but only on actions taken—not on preliminary 
contacts or negotiation: AEC wants to know what 
kind of equipment is sold, and to whorn 


Bids asked for Latin American reactors. Ebasco Serv 
ices invited 16 companies to submit proposals on one 
two or all three of the power reactors American & 
Foreign Power will install in three Latin American 
Ebasco is acting agent for A&FP in procur 
ing, designing and constructing the plants. Proposals 
are due Jan. 16 The three countries have not yet been 
selected, but are likely to be among the 11 in which 
A&FP now has operation: 


countries, 


Reactor materials course set. The Atomic Industrial 
Forum, sponsoring a course for the first time, has ar 
ranged a two-week session Jan, 30 to Feb, 10 on re- 
Evanston, il. The 


concentrated course is designed for senior chemists 


actor materials at Northwestern | 


engineers and metallurgists; L-clearance is required. 
Tuition is $100, Deadline for applying is Dec, 15 
Wheat swapped for thorium. The U. S. atomic energy 
wogram drew a side benefit from attempts to solve the 
ong-tangled agricultural surplus problem. In a sweep 
ing $41-million deal with Brazil for unloading surplus 
U. S. wheat, $2.8-million is earmarked for buying 
Brazilian thorium and other rare earths for stock-piling 
in this country 


First private linear accelerator sold. High Voltag« 
Engineering Corp. sold the first linear accelerator to go to 
private industry The $165,000, 6-Mev, 4-kw machine 
now being built for an unnamed drug firm will probably 
he used for pharmaceutical sterilization. Meanwhile 
High Voltage announced plans to quadruple existing 
facilities and move to a new 45-acre site at Burlington, 


Mass. 


Chicago University honors Fermi. The Institute for 
Nuclear Studies of the University of Chicago was offi 
cially renamed the Enrico Fermi Institute of Nuclear 
Studies. 


Carbide Oak Ridge contract prolonged. The AEC’s 
contract with Union Carbide & Carbon Corp., which 
still had a year and a half to run, was extended three 
more years until June 30, 1960. UCC, through its 
newly-formed subsidiary Union Carbide Nuclear Co., 
operates ORNL, the Y-12 plant at Oak Ridge, and the 
gaseous diffusion facilities at Oak Ridge and Paducah 
Ky., for the Commission 


Papers solicited on nuclear medicine, scintillation 
counters. The fifth Scintillation Counter Symposium 
has been scheduled for Washington (Shoreham Hotel) 
on February 28-29, and contributors of papers are asked 
to submit them by December 15 to Dr. J. B. H. Kuper 
at BNL, Upton, N. ¥ Also asking for papers is the 


16 


Soc iety of Nuclear Medicine, for its 1956 annual meet 
ing to be held June 21-23 in Salt Lake City. Outlines 
should be sent Dr. Simeon Cantril at Swedish Hospital 
Seattle, Ore.. by January l. 


Regional nuclear medicine group formed in Chicago. 
The Central Society of Nuclear Medicine has been 
organized by physicians and other professional workers 
in the Midwest who wish to promote interest and in 
vestigation in nuclear medicine. Those interested may 
contact Robert S. Landauer, Radiation Center Building 
1903 W. Harrison St., Chicago 12, Il 


New step in international cooperation. The first com 
mercial meetings with another nation for discussion of 
classified atcmic energy information for civilian uses 
were held by Nuclear Metals, Inc. of Cambridge, Mass., 
and Atomic Energy of Canada, Ltd. Talks were on 
types of fuel elements to be used in Canada’s power 


demonstration reactor a under the terms of the 


U. S.-Canadian power yilateral. Permission to hold the 


talks was granted by the AEC. 


New fellowships established. The AEC will offer 
more than 75 awards for study in industrial hygiene 
and in radiological physics during the academic year 
1956-57. Up to 25 health physics fellow ships each will 
be available at Rochester U. in cooperation with BNL 
at the University of Washington with Hanford: and at 
Vanderbilt U. with ORNL. Industrial hygiene fellows 
attend either Harvard or Pitt. The stipened is $1600. 


GE stakes out California claim. Alameda County, 6 
miles from Livermore and 40 east of San Francisco is 
the site of a 1,585-acre tract on which GE took options 
as a possible location for a future nuclear development 
facility. Exact use of the land will depend on GE’s 
requirements, zoning and other problems The develop- 
ment facility's long-term purpose will be the application 
of atomic energy to a wide range of peaceful uses; one 
immediate such task is support work on GE’s 180,000 
kw dual-cycle boiling reactor for Commonwealth Edison 
of Chicago Temporary HQ for the dual-cycle project 
staff is at San Jose Calif 


Public power group complains on AEC fuel policy. 
The American Public Power Assn. charges that AE‘ 
fuel lending policies have the effect of setting up “a new 
government lending program” favoring private industry 
The Commission charges 4% a year on the total value 
of enriched U loaned to reactor operators. The APPA 
igument is that if the law permitted sale of fuel and 
utilities had to buy it private operators would have to 
pay from 5.6% to 6.9% interest to finance purchase while 
public utilities can borrow money for less than 44. 
This amounts to a “1.5% to 2% penalty for public 
utilities,” APPA says 

NYU offers radiation safety course. In cooperation with 
the AEC, NYU’s Institute of Industrial Medicine is 
giving an introductory course in radiological safety, fol 
lowed by lab sessions. The course will be given full 
time beginning Jan. 9, and part-time beginning Feb. 2. 
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PS PETROLEUM CO JNION CARBIDE AND CARBON CORP 


GENERAL ELECTRIC 
CONSOLIDATED 
VULTEE 
AIRCRAFT 
INSTRUMENTS 
NORTH AMERICAN 
AVIATION CO. oO F T H b CONSOLIDATED VULTEE AIRCRAFT 


PIONEERS 


WESTINGHOUSE ATOMIC ENERGY Div 


PENNSYLVANIA 
STATE 
UNIVERSITY 


UNIVERSITY 
oF 
MICHIGAN 


LEEDS & NORTHRUP 


FOREIGN TERRITORIES 





JAPAN 


EUROPE 


NOW AVAILABLE 
FOR ALL The first nuclear reactor controls built by a non- 


AEC facility were supplied by Radiation Counter Laboratories, 
Inc. While continuing to fill these requirements of AEC, we have 
increased production to furnish reactor controls for other nuclear 
pioneers—-some of whom are shown on this page 

With research and development now costing approximately three 
thousand dollars per month per man, your investment in quality- 
built control instruments is rapidly repaid through the saving of 
time. In addition to its standard models, RCL offers special instru- 
ments made to your specifications. ‘The counsel of our research 
staff is available for any nuclear instrumentation problems you 

Write for Catalog No, 1125 may have. 


RADIATION COUNTER LABORATORIES, INC. 


Nucleonic Park 5122 West Grove Street Skokie (Chicago), Illinois 
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TYPE 50C, LEFT 
TYPE 50, RIGHT 
240 TO 800 CY. 





Introduced here are miniature versions of our popular 
Type 2003. They have equivalent accuracy but are 
much smaller, lighter and have fewer component parts. 
In the Type 50, all critical components are housed within 
the fork container. 

Both the Types 50 and 50C offer superior shock resis- 
tance, up to 60 G. Hermetically sealed and shielded. 


When requesting information, please state type number. 


ee 


FREQUENCY STANDARDS @ AND PRECISION FORKS 


PICTURED AT LEFT, ABOVE PICTURED AT RIGHT, ABOVE 


TYPE 500 SPECIFICATIONS TYPE 50 SPECIFICATIONS 


SIZE....2%4" x 2” x 44%” high. WEIGHT....8 ozs. SIZE....1% dia. x 3%” high. WEIGHT....3.5 ozs. 
ACCURACY............%.02% from —65° to 85°C ACCURACY............£.02% from —65° to 85°C 
ee 5V into 250,000 ohms OUTPUT seseseseseee OV into 250,000 ohms 
Pee ccnsdineccacesvics Same as Type 50C with TYPE R50 sesseesseeese. Me as Type 50 with 

accuracy of +.002% from 15° to 35°C accuracy of + .002% from 15° to 35°C 











For 17 years this company has produced precision which we offer maximum accuracy, simplicity and 
frequency standards for integration in highly accu- durability. Our products are now serving in many 
rate instruments and timing devices of ourown and and varied applications—in industry, government 
other manufacture. We make frequency standards (including the armed services, particularly in the 
within a range of 30 to 30,000 cycles, a field in field of aviation) and for laboratory uses. 


IF YOU HAVE A FREQUENCY PROBLEM AND WILL DESCRIBE IT, WE SHALL BE 
PLEASED TO SUBMIT OUR RECOMMENDATION TOGETHER WITH PRICE QUOTATION 


American Time Products, Ine. 


580 Fifth Avenue New York 36,N. Y. 


OPERATING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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Unitoun Sbucturo 
of Mallory 1000 Metal assures 


effective radiation shielding 


Mallory 1000 Metal, under high magnification, shows completely Voids in less uniform metals look like this under the microscope 
uniform grain structure. Its high density extends through every Phey seriously impair shielding effectiveness and tend to make 


part of the piece .. . free from voids and weak spots. performance unpredictable, 


HEN you design radiation shields with Mallory 
\ 1000 Metal, you can figure on the basis of accurate 
characteristics . . . instead of having to estimate on 
“typical” values. You can predict performance of your 
design precisely, because every piece of Mallory 1000 is 
produced to the same. precisely controlled qualities eee me BP | 


and, most important, these qualities are completely 


uniform throughout each piece of the metal. 
Typical source capsules made of Mallory 1000 


Lp to 40% more effective than lead, Mallory L000 is provide “leakproof” shielding 


being used for shielding at energy levels up to LOO MEY. . 
In rotors and counterweights, 


It has excellent weathering qualities, and machines to a Ni: 
the uniform structure of Mallory 1000 


high surface finish. Intricate shapes are produced 
\ \ eliminates danger of unbalance. High 


+-F mechanical strength, density and rota- 
contour pressing methods. For complete data, write to aa ; 2, tional inertia make possible smaller 


Mallory for Technical Bulletin 6-7. \ y a parts, faster rot ational speeds 


‘ we, 


tes Caneitisceaitaeati nila Milnes Uitte tie ben, fen ae t more...Get more from 


110 Industry Street, Toronto 15, Ontario 


Serving Industry with These Products: P_R.MALLORY &@ CO. inc 
Electromechanical—Resistors ¢ Switches ¢ Television Tuners © Vibrators 
Electrochemical—Capacitors © Rectifiers © Mercury Batteries ; 


Metallurgical— Contacts ¢ Special Metals and Ceramics © Welding Materials 


economically to accurate tolerances by exclusive Mallory 





For information on titanium developments, contact Maliory-Sharon Titanium Corp., Niles, Ohic 
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Telephone Ghevehil 6-4142 





R a di ation Instrum enl Developm ent eA bora tory 


2587 WEST 67m STREET CHICAGO 36, ILLINOIS 


October 7, 1955 


Nucleonics Magazine 
McGraw-Hill Publications 
520 North Michigan Ave. 
Chicago ll, Illinois 


Attention: Bruce Winner 
Dear Bruce: 
Model 3300 was first released for advertising in the 
of Nucleonics. This ad has already resulted in 
nd foreign inquiries with actual sales totaling 


Proving that Nucleonics is indeed a selling as well 
ormative magazine. 


Very truly yours, 


Radiation Instrument 
Development Laboratory 


3 y eH 


L. J. Hartser, < 
Director 





- OUR NEW ADDRESS - 
5737 South Halsted Street 
Chicago 21, Illinois 
Phone WEntworth 6.2345 


RADIATION INSTRUMENTS fer TODAY and the FUTURE 





We do not presume to tell you that all advertising is as dynamic and disputedly the only market medium in which to show your products 
sales stimulating as this “Success Story’’ — on advertisement which if you wont to get your nuclear preducts to the men who are spend- 
Radiation Instrument Development Laboratory ran in the August issue ing money for purchasing — in laboratories, reactor installations and 
of MUCLEONICS. We use this advertisement along with the letter from power plants. We think this kind of advertising job can be done 
@ satisfied advertiser to illustrate the point that NUCLEONICS is un- for you. 


We don’t promise $191,100.00 worth of business .. 
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DOES A SELLING JOB! 





R 1) L announces: 
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HT | 








100 CHANNEL = 
HIGH SPEED PULSE 
HEIGHT ANALYZER USING 
MAGNETIC CORE STORAGE TECHNIQUES 





This instrument incorporates the best design features of the recently 
ed Arg National Lab y 256 Channel Analyzer, with 
modifications to achieve greater versatility, higher speed, and mechan- 





ical design suitable for manufacture at reasonable cost 


We invite you to compare each performance specification with those 
of any other existing analyzer, whatever the price 


SPECIFICATIONS 


honnels of 65,000 covnts copox © Provision for coincidence gating of 
ty per chonnel signal pulses 
* Average dead time 40 microseconds © Coatiavess eccerete seer 
* freedom trom dete distortion or roy tube display of energy distrib 
energy shifts of votes os high os tien curve during ond after meovur 
5s x 10° CPM ments 
Linearity, 0.1 © Permanent aviemetic plot of the 
ener Gitriteuten curve by meons of 
Complete treedom from chennel width wo 
@ fost precision linear recording po 
drifts. Ne chennel width adjustments » .P 
tentiometer 
Chenne!l width normolly 1%. Mey be 
© Optional decimal print vipet 
mode 0.2%, ond the 100 chonnels ox Optional decimal printed ovip 
curately located in ony region of the 


spectrum 
Write for further information on this analyzer, and on the 
3OOA analyzer which has 200 counting channels, and the Mode! 
which has a count capacity per chapne lof 1 million 
MODEL 3300 
PRICE: $13,650 


COMPLETE SCINTILLATION SPECTROMETER 


awt 





less Phetetube and Crystel 


RADIATION INSTRUMEN| DEVELOPMENT LABORATORY 


The above advertisement is a reproduction of the one which appeared in NUCLEONICS. 


52 inquiries resulted with total sales of 14 units amounting to $191,100.00 plus acces 
sories ui 








NUCLEONICS... 
the magazine most 
in demand by GE’s 
Hanford scientists 
and technicians 


The magazine most in demand by 
people employed at the General Electric 
Hanford Atomic Plant is NUCLEONICS 
with 217 plant subscribers. This infor- 
mation was recently reported to us by 
C. G. Stevenson, head of the Technical 
Information Unit. 

This news release is just another ex- 
ample of the view taken by influential 
people in the nuclear energy industry as 
their proof that NUCLEONICS is used by 
these men as their prime source of in- 
formation. 

In this and in other reader-and-user 
inspired releases, the praise is the same: 
NUCLEONICS serves a vital function of 
being useful to an industry! From the 
“Nucleonics Reader Survey” conducted 
amongst readers of the magazine comes 
a multitude of write-in sentiments, un- 
solicited by the publication, Some of 
these were: 

“The copy of NUCLEONICS sent to me is 
equivalent to a library copy as it is eir 
culated to more than a dozen persons in 
our division, Their combined interest would 
include almost every phase of atomic en 
ergy 

Technical Information Specialiat 
and 

“I read Nuc ieonics because it is the 
publication most likely to help me in my 
work. The information I seek is any that 
pertains to my type of work,” 

Physiciat, 
Inatrument Manufacturer 

These examples could actually be mul 
tiplied a hundredfold. These are extracts 
and may be had in full by writing to 
NUCLEONICS and requesting the “Nu- 
cleonics Reader Survey.” It is free for 
your asking. If you, like RADIATION 
INSTRUMENT LABORATORY (ad- 
vertisement shown at the left, as it ap- 
yveared in the August 1955 issue of 
NUCLEONICS) have products which have 
applications in the growing nuclear en 
ergy field, be sure to call or write to 
your nearest NUCLEONICS representa- 
tive or to the address at the bottom of 
this page. 





from one advertisement but... 


NUCLEONICS will get your product to market! 


© BAG eeeie 


A McGRAW-HILL PUBLICATION + 330 WEST 42ND STREET, NEW YORK 36 
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G.E. Designs New Alpha Particle Detector 
for Health Monitoring Against Radiation 


General Electric’s new alpha particl multiplier tube ve cathode follower 
detector is a dependable monitor I pre-amplifier giving 0.25 volt output 
inspecting clothing, machiner b pulses. These sd are transmitted 
oratory areas or equipment sus} ed toascaler or rate meter The detector 
of containing alpha radiation. also makes a rapid and sensitive 
EASY TO USE, the detector weigh survey meter when connected with 
less than 2'4 pounds, including 10 : simple NaO-apOmNer, which pro 
feet of cable and connectors. It has sUCES Al BUGIO Popping noise. 

an exceptionally large detection ‘rea PRICE is $249.60* and the detector 
of 150 square centimeters; is capable is available from stock. For further 
of detecting alpha particles having information contact nearest G-E 
energies as low as two mev. Apparatus Sales Office, or write for 
COMPACT CONSTRUCTION consists Bulletin GEA-6117, Section 605-81, 
of a zinc-sulphide phosphor, photo General Electric, Schenectady 5, N.Y. 


*Manutacturer's suggested reta 


FF Progress /s Our Most /mportant Product 


"GENERAL @@ ELECTRIC 





NUCLEONICS 
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Jerome D. Luntz, Editor 


From Perhapsatron to Columbus 


With detailed technical infor 
mation on controlled thermonuclear power still kept 
1hC's Proj cl Sherwood 


have had to rely on rumor and strained int rpre la 


Eprror’s Novi 
classified, those outside 


lion of cautious official releases for their informa 
lion 1s part of a continuing policy of promoting 
the broadest possible release of information on this 

yjecl, NUCLEONICS elicited the following ampli 
fied official statement of thermonuclear powe) 


earch under u ay al Los Alamos | 


A Admiral Strauss has announced, the exist 
ence ol large quantities ol energy locked up 
in the atoms of the light elements has been well 
known to physicists for many years, and many 
of them have speculated on the possibility of 
releasing it in a useful way. Several classified 
irticles, and even proposals for machines, based 
on controlled thermonuclear reactions, were pre 
pared at Los Alamos as long ago as 1946, though 
these matters were regarded more in the nature 


of interesting speculations and quite secondary 


to the urgent military requirements of that 


period. However, fairly extensive experiment 
on colliding jets were made in 1946-47, under the 
direction of J. Willig, based on a theoretical 
paper by J. L. Tuck and 8. M. Ulam on thermo 
nuclear effects from colliding jets from shaped 
charges. This is perhaps noteworthy only sine 
it happens to be the method put forward by 
Homi J. Bhabha at the Geneva Conference 

In 1951, fresh upswelling of interest in the sub 
ect of controlled thermonuclear reactions o¢ 
curred independently at Los Alamos and at 
Princeton, the former being attributable to 
James L. Tuck and the latter to Lyman Spitze1 

rhe first experimental program got underway 
at Los Alamos in January, 1952, followed by 
Princeton in mid-1952, using a different method 
ind Livermore under Richard Post by a third 
method somewhat later. The general subject of 
controlled release of thermonuclear energy rose 
vith rapidity to the status of a major AEC proj 


et known as Project Sherwood 


r Los Alamos, the first apparatus, appropri 
A ately called the Perhapsatron, was built to 
conduct fundamental studies on the self-con 
tracted discharge or Pinch Effect and engaged 
the following: W. A. Arnold, L. C. Burkhardt 


J \. Phillips, G. A. Sawyer, Kk. Stovall, O 


Swickard, and J. L. Tuek Some of the results 
of this work are now declassified and will soon 
appear in the literature, and earlier measure 
ments by some members of this group on the 
DD, TD, and He*D cross sections have been 
published lor some time 

Since that time, there have been eXpanstons in 
several directions, and although we still have 
Perphapsatrons at Los Alamos, we now have 
Columbus (a distinetly forward-looking name 
and contemplate devices with such names as 
Picket Fence 

By now, too many individuals are involved 
to give names in detail, but, in summary, there 
exist experimental groups K-3 with J. A. Phillips 
added K-d4, 
V. Josephson, Group Leader, and an extensive 
theoretical contingent including J. Holladay, 
R. Landshoff, © Rosenbluth, 


J. Suydam, with considerable assistance from 


as Croup Leader, the recently 


Longmire, M 


the electronic computing machines J. L. Tuek 
is in technical charge and member of the ABC 


Sherwood Project Steering Committee 


HE Los Alamos branch of the Sherwood Proj 
pe has been very fortunate in capturing the 
interest of many brilliant scientists from uni 
versities in all parts of the country, and the fol 
lowing are some of those who worked on this 
project on a consultant basis during the surmmer 
of 1955: Professors W. P. Allis (MIT), W. Ben 
nett (NRL), Kk Brookhaven Na 
tional Laboratory), S. Chandrasekhar (Yerkes 
Observatory), G. Chew, Donald Kerst, Francis 
Low (U. of Illinois), Marvin Goldberger (U. of 
Chicago), and Kenneth Watson (UU. of Wisconsin) 


Bruecknet 


As for technical information, it is not possible 
to add much to what has been said before. The 
following two points might be mentioned: First, 
the long-term nature of the project must be 
emphasized. Second, since hydrogen bombs 
exist, the study of the controlled release of 
thermonuclear energy might be associated in the 
tremendous 
vith diffi 


culty No such hazards have been encountered 


public mind with such hazards a 


explosions, that can be restrained only 


vet Phe main problem seems likely to be that 
of getting enough thermonuclear energy back 
from the material heated to 100 million degrees, 
to repay the power used to achieve and maintain 


this high temperature 








FIG, 1. 
usually thought of as fine grained 


Fine grained, random orientation in U made by powde 
Polarized light used to take photographs. 
courtesy of Sylvania Electric Products, Inc.) 


metallurgy is evident (left) 
Magnification for both photos is 200 


Comparison is beta-rol'ed U (right), 
(Photos 


Powder Metallurgy Makes Better 
Reactor Fuels and Components 


Techniques and advantages of powder metallurgy for reactor uses are presented 


in this summary. 


Better resistance to radiation and applicability to unusual 


combinations are two main reasons for high interest in these methods 


WHY I8 POWDER METALLURGY 80 inter 
esting to reactor engineers? It seem 
that powder-metallurgy products are 
less susceptible to radiation and show 
less radiation damage when used in re 
actors. The fuel elements of several 
reactors under design cannot be made 
any other way I refer especially to 


fuels made of metals and nonmetals 


(cermet-type material Gomg fur 
ther, in my opinion, powder metallure 
will be able to solve many problems of 
reactor design.” 
With words like 


ner, of Sylvania 


these, H. H, Haus 
Electric Products 
opened & SVM posium on powder metal 
lurgy in atomic energy, jointly 
sored by the Atomic Energ) 
sion and the American 
Metals, In this articl 
SUMMArIZes 
at that meeting 


Philadelphia 
24 


spon 
( OmmMmIis 
society for 
NUCLEON 


some papers presented 


held Oct ‘A1) in 


Metallurgical Problems 

The general problems of material 
for reactors may be classified using four 
said \ P. Calkins 
Aircraft Nuclear 


factors, General! 
electric Co 
sion Dept 
Physical and mechanical properties. 
The complicating factor in a reactor 


heat 


Propul 


mechanical demands is internal 


Heat 


fuel must be able to Piss to the coolant 


generation liberated inside a 


or the system will simply melt and 
vaporize, for heat produced by fission 
is nearly independent of fuel tempera 
ture. Fuel-matrix materials must hav 
a very high thermal conductivity, and 
a sound metallurgical bond is needed 
between fuel and cladding Kiven in 
this case, there is a large thermal stres 
because of the center-to-surface tem 
perature gradient 

property 


Nuclear requirements. 


Materials used in the reactor must have 


ding fails 


These include the 


low cross section 


fuel matrix, moderator, core structure 


reflector and coolant, and associated 
control, 


piping and structures, For 


materials must have high cross section 
lor components usually in a high radia- 
tion field, but that are frequently re- 


moved, materials with low absorption 


cross section are desired Induced 


radioactivity is thereby minimized 

Corrosion. In two ways corrosion 
in reactor systems 
if the fuel clad- 


I wlione tive 


is more important 
than in others (one 
hight, fission 
fragments will contaminate the coolant 
tream, causing much trouble. Two, 
temperature along a fuel-element clad- 
ding may vary considerably because of 
uneven heat transfer across the bond. 
These temperature gradients could 
accelerate corrosion 

Radiation damage. Both metallic 


and nonmetallic materials are subject 
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erse changes in physical and 
i! properties as a result of radia- 


tier 


exposure Metals are over a thou- 
indfold less susceptible than organics 


) 


general (/ Damage is caused by 


on fragments or fast neutrons dis- 
iting atoms within the atomic lattice 
| shows @ grain-size Comparison 
Powder-metallurgy advantages. 
many cases powder metallurgy is the 
way we know of to make materials 
the desired forms. It allows making 


und bodies 


even though the con- 
tituents may be highly reactive in the 
{j id state 


tion is 


Segregation during solidi- 
eliminated. Beryllium oxide 
carbon can be pressed and a good 


Boron 


ts compounds can be made part of 


id, moderator body made 


matrices Boron could be con- 
lered more nonmetallic than metallic ; 
alloys 


not form. structural 


New Methods 


uel elements need a_ controlled 


uniform distribution of fuel 


thin the dimensional stability 
said J Hi 
Oak Ridge 


A mixture of a 


core 
| radiation resistance, 
obs and W. D. Manly, 
National Laboratory. 
ractory fuel « ompound and a matrix 


etal has these advantages: matrix 
etal may be the same as cladding, to 
nimize compatibility problems; by 
ng a fuel that is compatible with the 
itrix and cladding metal, diffusion of 
ie] is eliminated; fuel distribution and 
oncentration can be closely controlled 
nd the methods and related techniques 
other 


highly 


re a laptable for components 


Some new adaptable pow 


metallurgy techniques are available 


fabricating the various reactor 


rhe table (p. 26) summarizes 


Powder 


i Hopper 
) 


Rolling mill 


Strip 


Furnace 


uum 


FIG. 2. Powder rolling is a new technique 
that possibly will be used for fuel-element 
fabrication. Control rods and neutron 
shields are more likely to be made this way 
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applicability of the new methods for 
these parts 
In powder rolling 


fed 50- 


Powder rolling. 
Fig. 2) horizontal rolls are 
mesh powder from hoppers just above 


Final thi 14 mils 


are made from 24,-in.-diameter rolls 


them knesses of 10 


The green strip is sintered in a furnace 
Repressing of the sintered strip two or 
produces sheet with excel 
Clad 


three times 
lent 


made , 


properties strip can be 


Electrophoresis. In electrophoresis, 


small noneonducting particles are 


deposited on metals by high-voltage 
acceleration of colloidal particles sus- 


other 


Fahnoe and 


pended In acetone ilcohol, or 
high-dielectric solvent a 
J. J. Shyoe of the Vitro Corp, have ap- 
plied this method to many metal oxides 
Deposited layers are uniform and can 
be precise in thickness. Only a few 
mils can be deposited in a reasonable 
time. Simulated infiltration of porous 
materials has been developed, 


Extrusion. The powder mixture is 
precompacted into a billet, and usually 
The billet 


pressing and sintering, 


canned before extrusion. 
can be made by 
hot pressing, or hot compacting in the 


blanked-off « 


trusion has been successfully 


<trusion chamber Icx- 


used for 


experimental powder-base fuel  ele- 


ments. The can is bonded during ex 


trusion to serve as the cladding. Using 


composite billet, seamless 


both 


a three phy 


tubing with protective cladding 
inside and out might be made 


standard method has been used quite 


Cold pressing and sintering. 


successfully in conjunction with other 


processes, such as repressing, and hot 


pressing. It is the only method useful 


for some cermets Fuel elements for 


the Geneva conference reactor were 


made this wa ) 
For hot pressing he 


Hot pressing. 


low ~600° C, metal dies may be used 


~10 ton/in? 
2 200-2, 500° C at 


with pressures Graphite 
dies can be used to 
2,500-3,000 | 


b/in? in a furnace such as 


shown in Fig. 3. The method is in 


herently expensive, but can be justified 


where excellent properties are needed 


Infiltration. In infiltration a porous 
skeleton of refractory-base material is 
treated with 1! The metal 
keleton completely 


Hot 


hot sintered compact 


iolten metal 
must wet the 
Hot coining. coining consists 
of stamping the 
directly 
The 


cermets 


from the sintering furnace 


technique most useful for 


Refractory cover Sight hole 


ee 


; 
- 
4 


Bubbie- 
alumina 
insulotion 


Quartz shell 


Powder 
charge 


inner quartz 
tube 


Sos sneeeee 


SeSSSeereeeus s4uuuws 


Pyrometer torget 
Tungsten 
lined graph 
ite die 


Swan eee 





Graphite 
pressure pod 


beseeeseses 


induction 


coll Gas possoge 


Alumina biocks 


Asbestos packing 
Transite 


bose " ; k Argon 


FIG. 3. Furnace used for hot pressing at 
temperatures up to 2,500° C, 
of 3,000 Ib in*® can be used 





Pressures 


Preparing U Powder 
| powder is to 
saul P, Chiotts 


of lowa State Col 


of making 
form the hydride, UH 
and H. A. Wilhelm 


lege and 


One way 


decompose it Optimum 


temperature for forming UH, is 225° ¢ 


feaction rate | much lower below 


200" ¢ or above 250° ¢ Trace im 


purities in H., or an oxide film on [ 
result in an induction period with slow 
reaction time 

At 250° C 
is converted in 30 min 
takes | 2 hr (6 


100 gm of clean shavings 
isingle 100-g¢m 
niece of metal 
Product is a finely divided and highly 
pyrophoric powder 

iy heat 
ing under reduced pressure the hydride 
is readily decomposed At S00-400° ¢ 


met il 


Hydride decomposition. 


7) slightly sintered powder re 


sults 


” 


a 3-10 micron 4 


This can be broken up to give 


ized partic le 


eraged 


Preparing Th Powder 


Problems invol ed preparing Th 


are similar to those for [ Tonnage- 
been operated 


ij The 


precipitation of tho 


scale operations have 
using Ca reduction of Th, 
Thr, 
rium Oxalate from purified thorium ni 
followed by 


then h 


is made by 
trate solution calcination 
to the oxide drofluorination of 
the oxide 

In the Ca 
first obtained as a massive Th-Zn alloy 


eduction, the metal is 
hecause the « harge contains inhydrous 
zine chloride, to help separate the Th 
Zine is distilled off in 


Th-metal sponge 


uum, leaving 


Procedure for making Th powder 


consists of these step 5 9 


25 











Applicability of Methods for Fabricating Reactor Components 


V ethod 


Powder rolling 
hleetrophoresia 
Iextrusion 

Cold press and 
Hot pressing 
Infiltration 
Hot coining 


V oderator 


male a 


rod Gamma 
hield hield 


Possible No 

No No No 
No No No 
Yes No 
Yes Yes Yes 
Yes No No 
Possible ( Possible 


Possible 





]. Formation of the dih 
at 600-650° Cat 
pressure During th 
swells, but does not 
powder, 

2. Formation of the 
Thalys at temperature not 
$20° C. Best iture fo 
step is 250°C, The charge 
breaks into a coarse powder 

3. Decomposition of the higher | 
dride by heating to 500° C at | 


tempet! 


itmo 
phere H, pressure 

4. Decomposition of the lower h 
dride at 700°C at low pressure At 
this temperature, the d 
sure Of ThHo ov i 
Resulting Th powder is coarse, but can 


ociation pre 
about 1.0-mm He 
be easily broken up to pass a 30-mesh 
screen 
Equipment, lor smal! lot 
silica tube can be used Kor 
tainle tee! 
A charge o 


preferable 


more, a steel (preferab! 
reaction chamber is used 
lathe turnings or chip 
Conversion time for 10 lb of these 


S-12 hi 


Powder Metallurgy of U 
hydride 


method is a fine powder, the particles of 


U powder made by the 


usually agglomeration 
weording to H. H 
Product 


ompact el 


which are 
still finer particles 
Hausner, Sylyania Electric 
The powder does not 
well at room temperature Kiven using 
50 tons/in® pressure, the “green len 


sity is 12.5 @m/em? or 66°% of theoreti 


eal density Compacting at higher 
pressure results in better densities, but 
these high pressures are hardly feasibl 
for large-scale productior 

Sintering these compact 
at 1095° C (3% below 
ture), and even sinter 
melting temperature 


any complete denaifie 


ing densification du 


26" 


that thorium-meta 
readil that be: 


ind that { powder 


zirconium and 
powders sinter very 
lium sinters poorly 
j the 


that powder-metallurgical processes are 


poorest This does not me 
not applicable to | 
Density and grain-size variables 
Density results of the 
ipplied to | 
1. Compacting | 
100 tons/in 


various process 
powder are 

powde! even at 
results in low density 
close to the 


2. Sintering melting 


point still results in low density 
3. Repressing at very high pressure 
up to 175 tons/in*, does not consider 
ibly increase the density 


4, Hot 
600" © 


pressing ol [ powder ut 


results in complete densifica 


tion. This is a desirable fabrication 
menns 
Grain size of the U is as follows 
1. U sintered after 
temperatures in the 
764° C 
2. Repressing and annealing the sin 
tered | 
within the 


fine sub-grains are oriented in the 


compacting at 
gina range 


\ ields very course grain 


causes a fine grain structure to 


form coarse grains Vhe 
SiLthie 
direction as the coarse grains 


3. Hot 


ilpha temperature range < 64° ( 


ressing | yowder in the 
| K I 


results in a true fine grain structure 


Powder Metallurgy of Th 


Experience with two different Th 
powders was reported at the Gene 
Hausnet Sum 


\leerson of 


conference (10) H. 
marized the report by G. A 
made b 
Tho the other b 


the | Ssk (one powder Wiis 
C'a reduction of 
electrolysis Apparent density (2.6-3 


gm/cm*) was lower for the Ca powder 


electrolytic one 1» 
without dith 


than for the 
sjoth powders compact 
culty, but 1.5-2 times as much pressure 
is needed for the Ca powder, to get the 
ime densit 


( ompacts mac hot powder 


vere sintered in 0.005-mm Hg vacuum 
ind effects of temperature and time on 
studied 
For electrolytic powder, 1,100°C is 


Sintering at 1,150—-1,200° C 


mechanical properties were 
optimum 
caused cracks and blisters in Ca pow- 
The Ca 
these cracks 
Repressing at 10-14 
innealing at 1,100° C increases density 
strength and ductility For 
trolytic Th 


ders impurity probably 
Luse 


tons/em? and 


the elec- 
11.62 


mm, yield strength 


final density is 
strength is 16.6 kg 
is 8.0 kz/min?, elongation is 35.0% and 
hardness is 53 kg/mm?*, For Ca pow- 


der, these constants are (in the same 
order) 11.51, 21.7 kg/mm 13.5 kg 
20.0%, and 70 kg/mm 


Th powder 


experimental 


made from hydride. 
work with Th 


the hy 


powder 
ide b decompo ing dride has 
heen described I] ( ompacting the 


powder at 50 ton/in® results in high 
lensity The 
letely 
300° C 


material can be com 


densified b sintering at 


U-Al Alloy Formation 


In alloys 


metallurgy is 


> 20% by weight U, powder 
used to keep the com 
said H. A 
of Battelle Memorial 


containing 42 wt. % 


pound particles small Saller 


ind | \ 
Institute 


Rough 
Allo 
were made using atomized Al and 
sJoth UAL, and 


These were made by 


powdered compounds 
UA! 


melting the mixture, and then crushing 


were used 


the compound Two ranges of particle 


izes, minus 150 plus 20, and minus 325 
mesh were used 
To make alloy 5, the ( ompound pow- 
der was mixed with minus 325-mesh Al 
made com- 


sintered at 450 


Cold pressing at 50 ten/in 
acts These wer 
HO00" C for 4-96 hi Particle sizes re 


i ned Lite h inged 
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Deocidified” 
woste 


FIG. 1 Deionization cell uses 
membrane to produce deacidified waste 


[eTHODS OF SEPAKATING nonactive 


bulk 


before treating the wastes fo 


ts and concentrating wuste 


umes 
permanent disposal, are presented in 
article Processes for handling 
istes from natural or slightly enriched 


U-Al-alloy 


fuel elements 


U fuel elements fuel ele- 


ents and U-Zr 


equipment 


and 
designs are 


en First we will consider the need 


reliminal 
ich treatment. 


Why Remove Nonactives? 
High level 
y¥ them today, 


atomic wastes, as we 
contain the hazard- 
fission products in very small 
ounts, compared with the amount of 
nert salts in the aqueous waste solu- 
In ultimate disposal, we must 


e concerned with the chemical and 


ical behavior of longer-lived fission 


“lucts, for example Cs'** and Sr™ 
Fixation ol 


stable 


centuries 


se vel il 
the hazardous substances in 
as a means of permanent dis 
logical 


look lor 


therefore becomes a 


e. Thus, we must 
ods of treating the raw wastes 
in accordance with this prin- 
ind not become primarily in 
processing the 


This al 


realized if the 


in methods of 
is bulk solutions 


f will hest be 
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go 


L srongooe 


anion-permeable 


500-Mw reactor produces about a pound/day 


long lived. 


of fission products. 


Only part of these are 


Separating the fission products 


from bulk wastes is an essential pretreatment 


before attempting final fixation. 


Here are 


ways of doing this for wastes from unalloyed, 


and Al- and Zr-alloyed fuels 


{ pton 


first 
salts for 


fission products are separated 
sub- 


salts 


from the extraneous 


sequent fixation (/), or if the 


themse lves are 


that serve as 


transformed into stable 


solids permanent reposi- 


tories for the fission products 


Ultimate Disposal 


In the present scheme, a lsorption 


and fixation of fission products on 


montmorillonite clay are basic; advan 
adsorbed ions can be 
clay to 1,000° ¢ 


good capacity for fis 


tages are 4 a 
fixed by 
h the Le Pe | has 


neating the 


products—1.2 milliequivalents 
the clay Is 


sion 
highly stable before 


(d) the clay is 


gin; (¢ 


and after heating: and 


widely available, and relativel) 


nexpen L 


Experiment on the clay over the 


past 6 veal have demonstrated its 


capacity for adsorption and fixation of 


fission products (except ruthemium) 


In the author opinion the only serious 


problems remaining relate to pre 


treatment of the bulk wastes to elimi- 


nate extraneous-ion interference, Sep- 


trating nitric acid, aluminum nitrate 
and zirconium and aluminum fluorides 


ire sper | example 


Removing Nitric Acid 
Waste from proce 


sing un illo ed [ 


By L. P. HATCH and 
W. H. REGAN, Jr. 
Brookhaven Nationa 
Vew York 


Laborato 


fuels usually have HNO, as the main 
constituent 
Distillation. 


strated 


An adequately, 
method of 


demon 
deacidifying these 
At least OO” 


wastes is bv distillation 


removed and re 


While thi 


irable 


of the acid may be 
covered for further use 
is a large improvement, iti cle 
to carry acid removal even further, to 
obtain maximum clay effectivenes 
Further HNO 
removal may be obtained using an elec 
with 
T hese 


while remaining 


Deionization cells. 
trodeionization cell ion-selective 
mem branes membranes 
pass ions of one charge 
impermeable to ions of opposite charge 
An anion-permeable membrane is used 


lor HNQO 


shown in Fig. | It is 


removal Such a cell 

not practs il to 
remove all the acid in this unit, because 
at very low concentrations the cell re 


sistance becomes high But acid re 
moval to O.05N has 
I his 
acid concentration of 1,000 
also the distillation step 


test on the 


been found feaaitle 


means an over-all 


reduction in 
considering 
Laborato: 


membrane cell have been 


very promising, and a pilot-scale unit 


eloped 


is being cle 


Removing Al Nitrate 
Dissol ing | Al-allo fuel 
in HiNngd y ‘ i waste hy yhoin 4| NO 


element 
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Al concentration in tl ists ) wid to remove soluble on product onverting to stable Zr and Al oxides ts 
times greater than { I re t Fission products that cannot be leached i method of separating the fission 
centration Because A i trivalent iway in this manner can be considers roducts This procedure gives ar 
cation, it is strong bed the permanently. fixed in the aluminum end product that is hig table iy 
ela It must be sey ited the oxide, and the oxide in then be nature, and can be safely disposed of 
fission produet belore i sisorptior posed of without further treatment Although the fluorides do not decom- 
Deionization cell The AINO Results of an ext e seri ose to the oxides bv heating. thev may 
can be converted to the ible |} experiments to det e leaching be converted to the oxides by hvdrolvsis 
droxide with ect leLOnIZAt fission product ure Imimariz th steam at high temperature (100d 
cell, and then to the ‘ t! the Table | With temperatures above mversion obtained at temperatures 
ubstitution of othe Unlike the HOO" CC cesium is the or fission prod ibhove 700 ( Leaching tests are 
gelatinous Al(OH ed b he it removed to any great extent underwa Partial results are 
cal treatment, the ec duct one listilled-water leaching Radio iu viven in Table 2 
: what erystalline and is « emoved pure enough to use as a source might 
/ by filtration, Drying the products and — be recovered by this technique Equipment Design 
heating to 300° ©. fo ed by leael Further removal of fission prod In the development of process 
with water or mild f tes the ts ma be obtained | leacl equipment continuous operation is 
fission product row \ ™~ t th acid, if necessa! each liqu emphasize | 
is not complet. the f could then be deacidified before Drum dryer. One unit is a drum 
products, although cesiu ind & tacting it with the cla r converter. in which the AIONO 
i rate better than the other \ Vitrifving or glazing agent to fa t fed to the surtace of a revolving 
num oxide stabilit t impr Cilitate fission-product fixation in the eated drum Phe iste concen 
tance, because it wou ivs contail iluminum oxide, are being invest trated, dried, and the residue converted 
some fission product vated Also under stud the effect to oxide during one revolution se 
Although development cont f firing at temperatures up to 1,400° ( cause the product nsoluble, it may 
on the membrane tems, a more direct be removed unde! iter to minimize 
method of converting AI(NO to the ° ° the dust hazard Vapors given off are 
oxide was found Removing Zr Fluorides most completely condensabl 
Thermal decomposition he Considerable interest is being show: [wo possible disadvantages are: (a 
ONS developed con iste of f t iL t n Zr-alloved fuels for power react heat transfer rate ind (4) the drum 
ing the waste to dryne then convert \luch waste from these fuels may be esumably must be cooled during eact 
ing the residue to the table roduced in the future The m revolution ahead of the point here 
by heating to high t erature Ph constituents are Zr and Al fluorich t quid feed is added 
oxide is then leache th wate present As with the Al-alloy waste Combined ball mill-kiln. A more 
promising design, combining a ball mill 
1 rotary Kiin, ha heen deve oped 
that eliminates the drum-dryer dis- 
TABLE 1—-Leaching of Fission Products from Fired Aluminum Oxide intages and per ts a much wider 
range ot temperatures to be used he 
Distilled O.1N HNO, leacl init used in the first tests is shown on 
Virine Toa , oS ’ the covet Design of a more complete 
temperature br én ions coiled init riven in Fig, 2 
( Lsotope Leached on (dau 7% Leached olutios Liquid waste is fed into the first ball 
ection where water is e iporated 
50 ( ; 800 0.058 5 86.0 0.111 und the dried Al(NOs)s is converted 
an Sr G1 ‘ 7() 0 07 to free flowing granules. The granule 
50 Ce 27 81 4 2 g0-00 0 36 then separate from the bal ind are 
iho Ru 27 2 7 0 0 464 transported by rota th of the 
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| 0 0. 0028 9 99 5 0.074 
; ection Here the pi 
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to tl oxide at 
4 | 2 80-90 () 288 a dons 
’ ' ‘ 
24 0) 2 25-30 0 36 Phe balls great 
Che oxide ther 
i | , } 
} .OO14 l LOO 0 OOZ zone and is co ule 
I ms 2 i) 0. O72 : , 
. tan Steam <1cle é 
a si 5) RU Oo 0 O82 
e at the feed « ire then con 
| 0 2 0. O04 l 2 0 OOo 
) 0 On 2 25-30) 0 O74 lensed Dust that « Ly th the 
) 2 7_8 0 O58 rases may be captured in the condensing 
” 19 60 i 04 ipors, in which case aerosol provi ms 
21 Oot 0. 148 would be minimized No problems are 
7 OF 0 0; foreseen in decontaminating the small 


intities of noncondensable gases that 
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FIG. 2. Design of ball mili-kiln for concentrating fission products in AleO,, produced from Al(NO;); content of waste 


Equipment for Zr wastes. Iim- HNO s-rich waste Alor Bivrich woste 
hasis is being placed on developing 





iipment for zirconium fluoride 
te Dewrniz Evaporator 
Since nitrogen oxides and hydro- > and 
gen fluoride are evolved at elevated f° 
Boll tuin 
temperatures, the corrosion problem is 


1uch more serious than for the alu Taye Fo, 
linum waste. Otherwise equipment 











Leoch 
roblems are much the same. 











Economics of Treatment To cloy beds perth an . 


The process using montmorillonite 
FIG. 3. Two pretreatment methods could 


for ultimate disposal is designed to 
be used before clay adsorption 


nsure that dangerous fission products 


not at some e » hee . 
| it "e gs — nA problem of ultimate disposal It is 
ire ehnemict age Ss ; “abvuri 
—. m Whe nature important that in developing methods 
environment and, therefore, be able to See mntenditie fission pt Siern fem thee 
) , acting Ssl0O products " 1 
take part in the life cycles of plants and a f short-time use. we do not 
‘rests oO 10 ne se * ao ) 
nima Although the process is not 
complicate the more serious and in- 
mites wd . “* ‘ 7 ) 
— Bon its practical application, evitable problem of ultimate disposal 
‘ uld sate 5 be opie to wider use Although econome factors are im- 
7 agebtage a of a ae portant in det rmining the feasibility 
neebeanen e ee rom ae of any disposal method, they should not 
aad is 1 to the ti — via be allowed to predominate for their 
needed, however igure & shows own sake. It may well be that once 
etreatment schemes A post-treat- 


economic factors are considered more 
comprehensively, they will be decisive 
in the higher interests of environmental 
safety This Is simply bn cause they so 
practically reflect the long-range prob 
lems and responsibilities that accom- 
pany ownership of radioactive byprod 
ucts of a nuclear power industry 

In short, the soundest approach to 
practical economics in waste disposal 
will prol ably be in processes that prom 
ise to solve the disposal problem onee 
and for all 

> > 
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ing section This article hased on a tall 
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ent of the clay-bed effluent is needed 


fix Ru’. The Ru'** concentrate, TABLE 2—-Leaching of Fission Products from Combined Zr and Al Oxides 


rmed by evaporation, is fused in 


There is widespread agreement that 
Hydroly 


lemperature Daye 
i / olope leached 


longer-lived fission products, no- 

Cs'* and Sr®, may be consider- 

in demand as 8- and ‘-sources 

yut economic imeentives and the com- 
yarison of total demand to total supply 
innot now be foreseen In any event 
temporary use of the long-lived 


<lucts will in no sense alter the basic 


uss or ceramic bodies, Distilled water O1N HNO 


Day 
a J Leached leached a// Leached 


64.2 
14.2 
23 


9) 
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Here’s how 
fission Products 5 


build up with burnup 


Relative Poisoning, E nano; 
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initial slope, 
high o's | 


4 pone 
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migt o's 
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, first-order 
on products only 
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Number of Burnups 


FIG. | 
for U 


FIG. 2. 


fission products except Xe 


Neutron poisoning for all U 
and Sm'* 


Total fission-product poisoning 


Fission-Product Buildup in 


Fission-product poisoning in a thermal reactor after prolonged operation is evaluated 


from available data on fission yields and cross sections of U" 


‘and U Also, calcu- 


lations are made of the decrease in poisoning obtainable by removal of fission-product 


gases and of the elemental distribution of poisoning and contamination 


ty 


POISONING CAt 
products is of gi 
design and feasil 
thermal reactor 
fuel. These reactor 
interest for centra 
cations, They 
the U?** and the | 


ina 


mMnecmde re 


heterogeneou 
The fuel rod 


ous reactors are expected 


sigh 


to exposures of 10,000 


The homogeneou 


utilize fuel replenis! 


above 


ation and run to « 
before fission produ 
In both heterogeneo 
ous types, the total 
in the active regior 
may exceed thi 
fissionable atom 
stable fission produr 
Based on the be 
cross sections and vi 
fission products, th 
for a thermal react 
continuous Operation 
ups of the original fue 


operating with constant f 
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By W. L. ROBB, J. B. SAMPSON, J. R. STEHN, and J. K. DAVIDSON 
neral Ele 


pany Knoll tiomic Powe Laboratory henectady. N ? 





uel concentration 


physi illy to a 


This 


homogene OusS 


correspond 
reacto 


TABLE | 


Sections 


Ranges of Unknown Cross 


in which one breeds or adds fissionabl 


iiterial at the 


ime rate as fuel 


moved by fissioning and radiative cay; 


ture, and in which burnable 


poisons 
poison control rods are used at startuy 
to replace the poison to be formed late: 
ty the This hypo 


LP Proxima 


fission product 

thetical case represents an 

tion to many possible reactor 
rhe fis 


culated separately 


ion-product poisoning | 
lol each stable tis 


on product isotope thu permitting 


determination of the contributions t« 
the poisoning and the number of foreign 
itoms in the fuel due to each 


The 


of relative poison ‘ re 


speci 


element results are given 


term lative t 
the fis f the fuel con 


lered sy this 


ion Cross section ¢ 


value, one means the 


raction of the neutrons absorbed | 


the fission products compared to the 
fraction of the 


neutrons absorbed b 


iranium to give fissions The rea 


vity loss ts proportional to this value 


relative poisoning, the constant « 


proportion ility depe nding slightly upor 


the design of the reactor Chis con 
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For all fission + 
products 


Relative Poisoning, no" /ngoF 
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FIG. 3. Fit of equation for two hypotheti- 
cal fission products to total poisoning for 
all fission products except Xe'** and Sm'** 
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FIG. 4 
uct poisoning from U 


Comparison of total fission-prod- 
and U* 


Long-Burning Thermal 


sually about one-half; that is 


itive poison of 0.5 means 25% 


ty loss 


Assumptions 
The method and equations used here 


en under ‘Fission-Produet 


erties, Calculations 


Assump 
Cross sections used, as well as 
fission-product vields, are as re 
| in the literature (7, 2, 4), with 

of unknown cross sections as 
n Table | 
constant fission rate and 
thermal flux 
to define 


prod 


Important assump- 
iré a 
oncentration; (b) 
‘n/em?/ se 


e stability of 


hecessa;ry 
the 


( absorption of 


fission 
neutrons by 
half-life fission products is negli 
d) fission products transformed 
idly by than 


itron capture in the assumed flux 


radioactive des i\ 
onsidered to be stable; (e) thermal- 
n measurements of fission-prod 
ross sections are equivalent to pile 
not 


sections when the latter are 


ible; (f) no fission products are 


ed trom the core, 


Results 
ire | 
et poisoning for | 
The 


the 


the relative fission 


shows 
as a function 
| 


rnup POLsoning Is expressed 


e t fission cross section of 
he upper and lower lines on the 
the caleu- 


present poisoning 


maximum and minimum 
of the unknown fission-product 
sections 

s significant that over 70% of the 

ul between these curves is due to 
certainty in the cross sections of 


ind both is 


ed to be between 0 and 500 barns 
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FIG. 5. Effect of gas removal on fission- 
product poisoning for U 
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TABLE 2 Distribution of Fission Prod- 
uct Poisoning by Elements 


Ne 

Sin 
Other rare eart! 
Technetiun 
Other rare gase 
Rhodiun 
Cesium 0.40 
VMolybdenut 0 18 


(thers 0.53 


0 OU 


TABLE 3.-Fission Product Poisoning 
Distribution by Elements* 


ton prod acl 


Rare earths 
Technetium 
{are gases 
Rhenium 
Cesium 
Molybdenum 


Others 


* Sm 





uncertainty recently 


edb 


Qne important 
has been rt 


that 


ibundant fi 


in experiment (3) 
section of the 
to be less 


the 
on product Zr’ 
than 6 barn " 
than the 750 barns that had previously 


lound CTORS 


much smaller value 


been estimated for the upper limit 
The 

poisoning ih en if 

Xe 


extremely 


lative fission product 
big. | the 


lows 16 
em 


ilues of re 
in lude 


and which 


high 


poisoning ol 
tions 


CTOsS 8eC 


the 


have 


These Isotope wcount tor rapid 


initial rise in relative poisoning to 
0.0778, but 


the both 


lue to their high cross se¢ 


tion saturate very rapidly 
essentialls 


the 


and, by 0.06 burnup, are 


constant poison In discussing 
variation of f on-product poisoning 


these isotope ire usually treated as 


ind are not included 


the 


constant poison 


in the ilue of variable fission- 


product poisoning If this is done, 


Fig. 2 is obtained The initial slope 
then LOO 


with no appreciable 


lor the Varinnie poisons 1s 


barns per fission 


being formed immediately on 


The 


poison 


startup irve deviates con 


vithin 2.1 
50% of 
Note 
the 


siderably from linearity and 


burnups the poisoning is onl 
the linearly extrapolated value 
that this based 
values for the unknown cross 
All diseu based 


conservative poisoning 


the 


curve ] only on 


masta 


sections ion here is 


on the more 


curve calculated from maximum 


the unknow sections 


the 


values of nh CrORS 


To illustrat 
to the relative 


contribution made 


by the higher 


POloninig 


order fission product new products 
son product 


ows the 


formed by f capture of 


> al } 


neutrons), ig. 2 also relative 


poisoning for first-order fission products 
Thus the 


the curves 


difference between 


the 


only 
ent poisoning ol 


These 


igher 


order fission products 


that 


higher 


curves shov iultthough the | 


negligible 


product ire 
the 


order fission 


contributors to poisoning at low 


burnup, above one burnup they become 


significant, and at 10 burnups the 


order products have increased 


100% It 


higher 


order poisoning b 


the first 


is the higher order products that cause 


the total neutron poisoning to rise 
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Fission-Product Properties, 


When uranium or two fission products of atoms 
varying in mass from 72 to 160 are formed according to a 
statistical distribution 


have short half-lives 


Many of these fission products 
producing fission-product chains 
similar to the one shown for mass number 91 in Fig. 6 
These chains, of which ther re about 70, are identified 
by their mass number ugh many of the isotopes 
in a single chain may be formed directly in fission (the ap- 
proximate fraction hows 1¢ thickness of the arrows) 
it is usually possible to m 0 the amount of the 
relatively stable aton ind vay obtain the value 
of percent vield for an ent mass chain In ref. (4) these 
percent yields are | oO irious chains, for both 
U2? and U? Our 
curve fitted to the a 
this curve adjusted to g i total percent vield of 200% 


obtained from a smooth 


data on fissiou-product yields, 


In this caleulation, tl iti ich chain are assumed 
to decay instantly to a1 table fission product 
To define stability re ib 1 neutron flux of 10'4 n/em? 
sec is assumed and an unstable itope is defined as one 
that decays to a gre 
Any isotope with cro 


xtent than it absorbs neutrons 

yh that the reverse 
happens is considered a ib] hus, Xe!*® with a half- 
life of only 9.2 hr is con 


of 3.5 * 10° barns mean i@ flux 


its cross section 
issumed, 94% 
of the disappearance to neutron absorp- 
tion and not deca otoy | half-lives of 20 yr o1 
longer are assumed te ble regardless of how low 
their cross section 
The first relative! 


is called the primar nm produet 


roduct in each chain 

Naturally, it can 
absorb a neutron—how quickly depends on its cross section 
for thermal neutron On absorbing a neutron, it becomes 
a new isotope of the same element, one mass unit larger 
(for a typieal case hig. 7 In many cases, this new 
material will decay to another isotope, but, whether it 


} | 


je also of absorbing 
called a 


order” fission produet It, too, can absorb a neutron to 


does or not, a new fission product capa 


neutrons is formed ry} new atom second- 


give a “third-order” fission product, and thus neutrons 
are continually absorbed until a low-cross-section isotope 
is obtained, In the 149 mass chain, the cross sections of 
the different-order fission products are sufficiently high that 
even the tenth-order fission product would be present in 
a long-burning reactor 

The neutron cross sections for the individual fission 
products are given in Ref land 2 In the case of some 
isotopes, where accurat ilues for cross section are not 


known, maximum and minimut ulus ire assumed as 


Zr™ (stable) 


a: 
: ite ¥*' (61 doy) 
‘ 


+ Bsr (97 nr) 


eo Rb*! (14 min) 


| te 
| 


™ Kr™ (10 sec) 





FIG. 6. Fission-product chain of mass 91 
32 


Calculations, Assumptions 


shown in Table ] Values of cro sections were obtained 


Hoth trom pile measurements and thermal-column measure- 
ments Since the ibsorptions from the low ng reso- 
nance region i thermal pile spectrum are not generally 
Known, no attempt to get these cross sections on a common 
basis was mac Although there is some error introduced 
here, the cross section used should compare well with the 
ietual cross sections in an average thermal-reactor neutron 
spectrum 

Burnup, F defined as the number of fissions that have 
occurred divided the number of fissionable atoms origi- 
nally in the core of the reactor , i in a homogeneous 
reactor with a constant critical mass of 5 kg, two burnups 
represent the fission of 10 kg of uranium 

The equations used for the calculations of the polsoning 
for each individual is tope are obtained by simpie integra- 


tion of the flux equations 


al YDpn;a 


in,;/adt pn a on.e 


where n concentration of fissionable fuel (atoms/cm 

n concentration of first-order fission D oduc ts itoms 

em n concentration of ith-order fission produ ts 
Tal 


itoms/ cm l time “ / eid in fission, @ 


neutron flux (em )oa absorption cross section 


em 0 fission cross section (em 


The relative oning for a first-order fission product is 


then 


i 8eCONnd-OoT 


and at higher orders, additional terms are added to the 


equation From these equations the relative poisoning 
from each ma chain, and for as high an order fission 
product as are important, are calculated, These separate 
poisons are then added together for any given number of 
burnups. Thus, the fission-product neutron poisoning 
was calculated at 0.1 3, 1.0, 2.0, and 10.0 burnups for 
{ and I 

Poisoning due to the heavy nuclides produced by radia- 
tive capture in | ind U*4® were not included with the 
fission-product poisoning Since the net poisoning Is re- 
duced by the generation of new fissionable fuels produced 
by successive neutron capture, the effect of including this 
poisoning in the total fission-product poisoning would be 


ve! small 


FIFTH 
ORDER 


n-s 
Mo *® (stabie) ——$— 


Nb*° (374) 
. = 37 


™ 
~ 
oo 6nd > 92 n-s o3 n-o an-s 
Ze ——- ZF - —» Zr oom 25 and ay 


(5x 10*y) (stoble) (65d) 


THIRD 
ORDER 


5 
(stable) (stobie) 


FOURTH 
ORDER 


FIRST SECOND 
ORDER ORDER 


FIG. 7. Formation of higher order fission products 
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ind not saturate at higher burnups. 
It is sometimes useful to have the 

e for the total 
product in equation 
One equation* that fits this curve suffi- 


variable fission- 


poisoning form 


ently well above 0.3 burnup is shown 
n Fig. 3, where F is the number of 
burnups. This equation represents the 
poisoning of two hypothetical fission 
products, one having a yield of 11% 


ind a cross section of 200 barns and the 
a vield of 181.2% and a 
This ace 


ints for 192° , of the fission products 


other hav ing 


section of 21 barns. 


the other 8% being accounted for by 
Xe und Sm'**, which were subtracted 
fy the total relative poisoning 

Che relative fission-product poison 
ng of fissionable materials is important 


Available 


, which is less ade- 


mparing reactor types. 
information for Pu?*® 
quate than desirable, indicates the fis- 


SLO! \ elds should be similar to those 


for | in the important rare-earth 
region (J Because of the higher fis- 
cross section of Pu®®, its fission 


products should cause about 20% less 


relative poisoning than does I 
[ seems preferable to U? because of 
lower fission yield in the rare-earth 


Explicit calculations for I 


region 
en in Fig. 4, indicate about 19% less 


relative poisoning than for | 


Distribution by Element 
the distribu- 


neutron poisoning by each 


From the calculations, 
tion of the 
determined 


pecific element can be 


Ch hows which elements it is most 
to remove so us to reduce 
In Table 2, 
the distribution by individual elements 
It is 


and Sm!** are the most 


important 


soning most effectively. 


hown for 0.1 and 1 burnups. 
een that Xe 
mportant poisons. However, since 
both these isotopes saturate so rapidly 
ifter reactor startup, except possibly 
| mntinuous rapid fission-product re- 
il in a homogeneous reactor, there 
their 


| en though they could he completely 


ttle chance for elimination. 
removed in a conventional reprocessing 

e, after the reactor has started they 

d soon have built-up to the same 
The 
remaining fission 
Table 3. The 


other rare earths form the major part 


before 
the 


shown In 


extent as reprocessing 
tribution of 


products 18 


the remaining fission-product poison 
thus, a process that removes the 


re earths and gaseous fission products 


* Hi. Hurwitz, Jr. first suggested the use- 
fulness of this representation 
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TABLE 4—-Atomic Percent of Elements 


Ol hurnup 1.0 burnup 

Fission product oC (% 
tare earths * 24.4 24.5 
Rare gases 16.2 16.2 
Zt 15.0 15.0 
Mo 12.5 12.5 
Us 6.4 6.4 
Ru 5.4 Rg 
Sr 1.4 14 
Te 1.0 6 
Ba =. , 2 
I, Br 0O.8 07 

92.4 92.3 
(ther elements 7.6 ee 

100.0 100.0 


* Distribution of specific rare-earth ele 


ments at 0.1 burnup is: Nd, 9.9%; Ce, 
6.0%: La 3.1 vr 3.0 ; Pm ee 
Sm, 0.7 iuu, 0.5%; Gd, 0.1%: for a total 
of 24.4 





will great} reduce the poisoning If 


neutron conservation is extremely im 


portant, as ma be the case in special 


breeders, then technetium, rhodium 


cesium, and molybdenum are next in 


importance to the rare earths, and with 
the rare earths and rare gases make up 
HO% of the fission product neutron 
polsoning 

Since gaseous fission products might 
easily and con- 


be removed relatively 


tinuously in a homogeneous reactor, it 
is of interest to see how much the pol- 
reduced by 


soning could be removing 


the fission ga In addition to remoy 


ing Xe 


process also might remove unstable iso- 


which is a major poison, this 


topes of xenon, krypton, iodine, and 


bromine, which are not serious poisons 
themselve but which decay to torm 


isotopes of significant cross section 


lorexample, X¢ 
Although the 


cross section, it 


decays to form Cs!** 


xenon has a very low 
removal prevents the 
production of a higher cross section 
Thus, the effect of the remov- 


is greater than their 


daughter 
al of 
fraction of the poisoning in Table 3 


these gases 
Two cases of gas removal have been 
considered and a curve for each case is 
plotted in Fig. 5 
siders that all gases regardless of thei 
half-lives are 
The 
stable 
topes with half-lives of 3 


The first case con 


removed from the core 
that 


gaseous isotopes Or gaseous 180- 


second case assumes only 


minutes or 


longer are removed. These curves 


that a reduction in poisoning as 


possible, and that the 


show 


large as 50% is 


more rapidly the gas is removed the 
larger is the reduction in poisoning 

An assumption was required con 
cerning the fraction of various isotopes 
Tiss 


rf 


formed directly in fission. In 


chain 91, for instance, the amount 
this chain that decays through krypton 
is not known. To give a value of 
marimum possible removal of poison 
ing, it is assumed that 100% of a mass 
chain would always pass through the 
gaseous member For the case where 
only stable gases and gases with half 
minutes are removed 


lives olf over 3 


this is A reasonable assumption llow- 
for the very short half-life gases 


as Xe'*, 
the fission products deeay through this 


ever 
such the assumption that all 
member of the chain is optimistic 


In certain reactors, including fast 


reactors, fission-product poisoning is 
negligible compared to the poisoning 
due to the structural rhe 
limit on the number of burnups the fuel 
go to is set by the 
metallurgical properties ol the 


and not by the 


naterials 


elements can safely 
uranium 
plus fission products 
the fission prod 


neutron potsoning ol 


ucts. Thus, distribution by elements of 
the fission-product atoms is of interest, 
Table 4 gives the distribution of the 
elements present in the fission products 
for 0.1 and | burnups. The absolute 
number of all fission-product atoms j 
number of 


two times the 


While in the case of neutron 


ol course 
fissions 


poisoning the rare earths were a major 


constituent, trom the atomic traction 


standpoint only about one quarter} of 


the atoms ar ire earths, and one 
quarter are gases, one-quarter noble 


metals, and one-quarter are more ac 


tive metal This means that a re 
processing tem that will remove 
only two of these four classes will leave 


half the fission-product atoms in the f 
This estimate of the 


relative concen 


tration of poisons at various burnups 
metallurgical re 
Much 


he done on 


is useful in guiding 
search on exposed fuel elements 


of this 
mocked-up fuel elements, that is 


investigation can 
with 
uranium spiked with the proper amount 


of stable materials 
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FIG. 1. Scintillation 
localization 


used 


grid 


“In vivo” LOCALIZ 
active body is of great 
cine, Principal app! 

the investigation of t} 

sions and functional top 
thyroid gland: researc! 

bution of radioactive 
locally for a therapeutic 
cephalometry by, isotope 
ing 


scribes a photographic tee! 


brain tumor I} 


a collimating grid and > 
tion, Fig. 1, for 


distributions 


Present Methods 


Here are the principal method 


for localizing radioisotope 
@ Manual displacement, point b 
of a Geiger or a 
both strongly collimated 


| 


chart to he drawn up formed ol 


; 


count” lines (/-S 
@ Automatic 
collimated scintillation 


34 


wnhnhnine Wi | 


Sealing plug 


Leo0 


eintillation co 


enabling 


Scintillator Grid 
Localizes 
Gamma Emitters 
Photographically 


Posterior 
gr a 


Anterior 


yd By C. KELLERSHOHN and P. PELLERIN 


Laboratoire de Ph (sigue 


Facul 


Four-minute exposures give good image 
of 10-uc/cm' I This 
sensitivity is made possible by Nal crys- 


in a glass thyroid. 


tals set in lead collimating grid 


in in-vivo 





record of the number of count per unit tv is less than | mec/cm (part 


ot time at 


moving i pen along & papel 


either | from some particular cases, a concen- 


ition of this kind 
ilization 


regular interval 
trip (scint tr scarcely compati- 


] ble with ut 


gram, gammagram 9-14 or b 
modulating the luminance of an ose 
su hy cle ee 


yraph sereen (14-17 


} 


image’’ to be obtained ot 


enable an ‘ 


radioactive bod 


the distribution of a 
but they 


in viwo involve a heavy mo 


ible member, a cumbersome mechan 
cal device, and relatively complex ¢ 
tronic equipment 
. lwo photographic method 

|. By obtaining an imag 
ola gamma-ray camern 
i very-small-diameter hol 
vall (gamma-ray pinhole cat 
40 his method limited 
geometrical eflicien onl it 
mall part ol the qual ta emitted by the 
the image 


source are used for making 


It seems that in spite of strengthening 
1 means of Nal ervstal one 
with time, ob 


irom our v hose 


cannot 


i convenient exposure FIG. 2. Collimator geometry; source ex- 


tends infinitely far in two dimensions 
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FIG. 3. Ratio of flux passing through 
collimator walls to that received directly, 
as function of collimator length 


sing like Skanse and Johans- 

fi lead grid of w hike h each chan- 

ites a pencil of gamma rays 

g from the corresponding volume 

ent of the 
rhese 


sources seen by the chan- 
iuthors have been able to 
mages in a suitable exposure 
th tolerable radioactive concen- 
strengthening 
Nal 
The image is of 
i the crystal is 

ugh to diffuse the light 
photog 


The use 4 
consisting of a large-area 


thi k 


bec nNUseC 


mm 


raphic method also uti- 


ul grid, but combined with an 
of strengthening devices so 
e of suitable sharpness can 


short 


u 
’ 
I 


with a sufficiently 


time even with radioactive 


ons sufficiently weak to be 
utilizable. With a scan 
\Mayneord and his collabo- 
1) have been able to obtain 
distribution of a radio 
xly in vivo in the shape of a 
spaced out 


of spots regularly 


hotographic density is in keep 
1 corresponding volume ele 
the radioactive source. We 
to obtain 


vored Images of 


by purely photographi 


Collimator Design 


( lindrical channel 


all of height a and 
n infinite homogeneous 
ce of activity A pe/em?® 
infinite planes perpen- 
of the channel and a 

rt (Fig. 2 The flux of 
center of the upper open- 


innel 1s 
10*AA/2)(1 
vhere tan @ 


Vol. 13, No. 12 - December, 1955 


“eer e eevee 


FIG. 4. 


Glass thyroid containing 400 uc and images obtained with double grid. 


Exposures were (a) 15 min with unsensitized film and (b) 4 min with film sensitized 


with mercury vapor 


Actually, the also sub 
jected to the that 
through the lead, outside the cone with 
Pre- 


with a 


point O is 


radiation PASSES 


summit at O and half angle a 


suming that we are dealing 


monoenergetic gamma radiation source 
the flux of these photons in the cente 


of the upper opening () is 


where uw is the linear absorption coefh 


cient of the lead for the monoenergetic 
radiation 
This integra innot be brought down 


to elementa igorithms and the 


! pments 


Various (ce { 
tried 
plest method 


in series that we 
The Sitti 


to integrate numericalls 


converge too low! 
by Simpson hod 

Wi Comp ei / / To} mf 
values of a | r the 364-key 


whic SOUo, of the 


veral 
radia- 
tion sents 
yamm spectrum of [! 
yt used in medi il 

s being | mm; yp 
polation from a suit 
variation ol 
given in 
ve is with 


out inter ponds to large 


half angle a, therefore to poor geometri 


collimatior i 10-mm thickness 


of lead onding to @ semi-open- 
6.7 times 


through the lead 


ing @ ‘ ley more 


gamma photo puss 
than throug! 
defined b hanne| It is only for 
a thickne m that the 


of photons 


opening geometrically 


number 
nto the geometrical 


opening Is 7 Oo that of the photons 
passing through the lead 


for different thick- 


nesses of lead, a, the half angle @ of the 


cone defined by the geometry of the 


channel, and the half angle @ of a cone 
corresponding to 75% of the total flux 


ol photons received itO (hig. 2 The 


table shows that the collimation is good 
for 30-mm thiekne 
1) mm It is onl 
of this 


sileration, the 364-ke rn 


cellent for 
of lead 


ind ¢ 
for thiekme 
con 


that 


under 
of I! 


correspondence 


order Ith the Cis 


there exist i «hrect 
between the flux of the gamma raves 
ito entration A 


received ind the cons 


of the activit of the bod n the 
vieintt of that a independent of 
awihy 


the distribution of radioactivity 


from the a of the channel 


These results are i channel 


2mm in diameter tate farther 


on why this dimen heen forced 
on us tor practica is The iRo 
deal with an infinite plane sources lor 
a source of finite dimensions, the ratio 
he/ ky is corresponding! viller as the 
source ] maier urees of 


medium «dimer collimation 


conditions are a litt 


Exposure Times 
According to 


should 


supp 





speed radiologic 
voltage intensifier 
dose of ~100-ke 
unit photographi« 
other hand, accordir 
and Sinclair (24 

1 me of I 

From this we dedu 
be given by the ra 
number of photos 

7 


4 1) 


Ir 
Let us 


limited by two 


apart and whose hor 


ronsice 


i 


is 10 we/em \ 
thick grid with 
nels. HMquatior 
the number of photor 
per unit of suriace 
film combination 


3.4 X 10% X 10 


If, for the spectrur fi 
intensifier-film co nation | 
same sensitivit 1 O0-ke 


tion, the exposure time 


obtaining unit blackening opposite « 


channel would by 


(Pend, 2 tn) 


experience 
intensifier-film 
ultra and Kodak Reg 
less sensitive to the 
than to 100-keyv X-ra 
time for obtaining un 
density is experimenta 
ceding source, about 
ing with Radio-Koda 
22° C for 7 min 
Imagine a 40-cm* thyroid about 2 
thick with a fixing rate of 50%. Ing 


tion of SOO we would thus give 


ing the distribution of the 

thyroid to be practi: 

a concentration of 10 mw 

ing to the foregoing 

an exposure time ol abe 

tain an image of the tl 

unit photographic dens 
This exposure time 

able, we have thought 

work (26) of increasing 

of the radiological fil 

with mereury vapo 

at 24° C and 50 

fectly 


36 


air-tight zor 


FIG, 5. 
300uc with a fixing rate of 50‘ 
mercury vapor 


Here is an image of a thyroid obtained with a patient who had ingested 
and 20-min. exposure on a film sensitized with 
This figure also shows the map obtained with a directional Geiger 
counter and the operatory piece after sub-total thyroidectomy. 


One will notice 


that the gammagraph gives a good representation of both lobes of the thyroid 
and specially stresses the presence of a narrowing in the middle of the right lobe 


1) t facto 
enable i suitable image to be obtaine: 
ith 3-hr exposure t} 


concentra 


tions of about LO pe/em 


Nal Intensification 


An exposure time 
till much too long in med 
ve tried to increase sens! 
is an intensifying de not 
tensilying screen, but scintillato: 
corporated in the channels of the g 
themselves, so as to retain the 
rn of the image In 
have seen, as expressed 


the table, it is not possi 


whole of the channel wit! ba 


tor without the risk of 
harpness Preliminar experiment 
have shown us that with a prismat 
Nal(Tl) crystal 6 mm long, inserted in 
the end of a channel 2 mm in diamete: 
ind 18 mm long, being the end against 
which a radiological film placed, tl 
ensitivity was multiplied by 
of about 30 as compared itl 
preliminary work 

The cutting of very numerous 


crystals being a long, painful and 


delicate operation, we tried a liquid 
scintillator solution of 5 gm 
terphenyl in xylene. Even for 
tillator thickness of 1 cm, the 
efficiency prevented a result dist 
better than that given by screen 
Calcium tungstate crystals hay 
cellent yield but the fact that the 
not crystallize in the 
makes cleavage in the 
mall rectangular cry 
Nal, although hygros 
vA in the cubie sy 
cleaves at right angle We 
prepared crystals of Nal 


quired dimen 


Che e1 


ZeneOUs AS PO sm il grid 
enabled the I ) ‘sted pl to 
graph Lil l pre Le iT irge 
flat radioact ou | hy » that 
rou > > ! I ! n cut- 
homogeneity 
spot identical 
ng that of a crystal 
ised permanent i standard 
iminated 
tience, it 
similar ¢1 
question 
graph f 
obviou 
iitable 
difficultie 
For that 
make two ¢ 
LmMension 
vork compl! 
NCS, MAKING 22 
na corner Of @ square vit! 
ich channel has a diametet 
Che two grids of lead wit! 
mony were rile tovethe 
d betwee! 


1 each channel 
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optical contact between the 
and the face of the crystal in 
to preserving the crystals. 
stal is kept in position in its 
by means of a sealing-plug 
the two faces of the double grid 
om the film are masked by a 

iluminum sealed to the lead 
ildite. Thediagram and photo- 
of Fig. | 
periment has 


e-grid dey 


show the assembly 
that this 


ice, inspired by analogy 


shown 


ntensifier screens, enables the 
tv of the device to be increased 
A supplementary grid, 1 em 
drilled at the same time as the 
illows more collimation of 
turned towards the source. 
imeter of 2 mm taken for the 
is obligatory, because it is 
small to afford a density of 
ipatible with a suitable image, 
ifficiently large so that the crys- 
rporated can be cut without 


difheulty 


Results 
hig =e @ 
| thus far. 


and 6 typify results 
7 he image Zives a 
Two 


later 


pi ture of the object 

to which we shall refer 

t be modified so as to improve the 
of the image obtained 

The collimation produced by the 

kness of 18 mm of our experimental 

still imperfect. The sensitivity 

uch that, by reason of 

ts demonstrated by Fig. 2 and 

sufh- 


ievice 1s 


if collimation ts not 


FIG. 6 








cient, the crystals which are outside 
the projection area of the source on the 
grid give a spot of appreciable density 
that reduces the sharpness with which 
the image comes out 

b) The spacing of the channels made 
on our experimental grid is still too 
great Nevertheless, the 
tained show that with a device of this 
kind, it is possible 


obtain an image in short exposure times 


results ob- 
n the case of 1'*', to 


with aqueous physiological doses 


Future Possibilities 


The spacing ol the channels, which 


is relatively great on this experimental 


grid, reduces the sharpness of the 


, 


images. By improving the technique 


ol produ ing cryst ils. we hope to ob- 


tain a large sized grid, thicker, and 


consequently better collimated, whose 
network of channels would be appreei- 
We expect to compensate 


due to the 


ably closer 
for the loss of sensitivity 
increase in collimation (which is neces- 


sarv. if the network of channels is 
increasing the light-collec- 
The order 


in the case 


closer), by 
tion factor of the crystals 
of magnitude of the latter 
where the polished surface crystals are, 
as in our experimental grid, plunged 
bathed in 
silicone oil, is difficult to gage. We 
believe that we 
it by 


into a lead-wall zone and 


may be able to increase 


making a housing wall for the 


erystals with a high diffusion factor for 


the luminous fluorescent quanta 


Image amplification offers further 


possibilities. Benjamin and Copeland 


This is a device conceived for securing the gammagraph of a human being’s 


thyroid and the exact photographic superimposition of the gammagraph with the corre- 


sponding anatomical area. 


Figure 7 at right shows the result of this superimposition. 


Using a double grid in each of two rectangular planes, it is possible to obtain two 
simultaneous gammagraphs of the thyroid in two rectangular planes, which enables 
the volume of the gland to be ascertained with a certain amount of accuracy 
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18) had already advocated associating 
electronic 
Morti- 
27) have 
Fol- 


research 


a pinhole camera with an 


image amplifier, and recently, 


mer Anger and Pobias 


achieved a device of that kind, 


lowing recent preliminary 


work (28) it has appeared to us to be 
grid with an 


crystals 


possible to associate a 


image amplifier The could 
be in optical contact with the photo- 
cathode of an image amplifier without 
a radioscopic screen, An optical sys- 
tem of weak resolution (which, for an 


image of this kind, is not very impor 
tant), but with a large aperture, would 
part of the light 


receiving screen of the 


enable the greater 
emitted by the 
image amplifier to be recovered A 
new amplification factor to the extent 
of 100 This 


could be used to improve resolution 


would then be possible 
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LIQUID SCINTILLATORS—1 


Pulse Height Comparison 
of Primary Solutes 


Here's how 102 selected organic compounds in toluene 
rank in scintillating ability. The implied relationships 


between structure and scintillation are explored 


By F. NEWTON HAYES, DONALD G. OTT, VERNON N. KERR, and BETTY S. ROGERS 
Loa tlamos Scient fie Laborato Unive ity of California Lo 1/amo New Me CO 


THIS ARTICLE presents information on height obtains is also tabulated Ihe clusions as to the relation between 


the maximum pulse heights obtained ratio of pulse heights as measured with chemical structure and scintillation 
with each of 102 different organic titanium dioxide and aluminum 1 ibility are presented 


solutes in toluene a solvent Since flee tors is also given ince this | in ; 
Pulse-Height Measurement 


All of the seintillation measurements 


the pulse height varies as a function of index of the spectrum emitted by the 
concentration, the concentration at scintillator Background information 
which the maximum relative pul measurement technique ind = con were carried out with a pulse-height 
inalyzer deriving its input signals from 
i DuMont 6292 photomultiplier. The 
scintillator solution to be analyzed was 
pipetted into a glass beaker with a 
l-ml capacity. This beaker was then 
Aluminum | | | sf o> i te : placed on the flat cathode of the erect 
_ eal - ae photomultiplier with a few drops of 
Tape mineral oil between to insure good 
optical coupling. The solutions were 
excited with 624-kev internal-con 
Source -| ~ ea version electrons from Cs actually 
from 2.6-min. Ba'*’ in secular equilib- 
Mineral oil “ DuMont 7 ‘ , rium with Cs The resulting line 
6292 | : 7 4 spectrum was electronically analyzed 
v4 and the discriminator voltage for its 

Reflector on 
glass hemisphere peak was recorded as the pulse height 
Curves of pulse height versus con- 
centration of the various solutes in 


toluene were run using an evaporated- 








, ad aluminum reflector In another study 
FIG. 1. Source-scintillator-photomultiplies FIG. 2. Liquid scintillator about to be ©& h solute, at a concentration of 3 
assembly tested with aluminum reflector gm/l in toluene, had its pulse height 


measured with two reflectors, aluminum 
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titanium dioxide. A standard 
ition of 3 gm/l of 2,5-diphenyl- 
izole in toluene was used throughout 
s a standard and all results 
xpressed as relative pulse heights 

3 this solution 
| shows the relative place- 
the source, reflector, scintil- 
and photomultiplier in the de- 
tector portion of the pulse height 
Ze! Figure 2 is a photograph 
the reflector and source being 
ed over the scintillator-containing 
beaker on the flat cathode end of the 

photomultiplier 

(‘hemicals tested were of the highest 
A majority of the 


compounds were synthesized at Los 


obtainable purity. 


Alamos and were recrystallized until 
they were analytically pure; that is, 
intil the microanalytical data for the 
elements agreed with the theoretical 
This set a criterion of purity 
adhered to for all the other 


ompounds. 


Results 
The experimental results are listed 
n the table on p. 40, giving the com- 
pound name, followed by its maximum 
lative pulse height and the concentra- 
it which this was reached. The 
olumr of the table lists the rela- 
pulse-height ratio from titanium 
de and aluminum reflectors. The 
are listed in the order of decreas- 
imum relative pulse height 
for more than one compound 
same pulse height value, the 
ire listed in increasing value 
neentration. Compounds 83 
ugh 90 have no listed values in the 
t column because these numbers 
although measurable, have much too 
eat statistical errors to be considered 


Discussion 
scintillation solutes are 
f compounds notable be- 
significant fraction of their ex- 
ules lose energy by light 
As a solvent such as toluene 
s made to contain small increasing con- 
tions of a scintillation solute, the 
pulse height increases by 
more photons emitted from 
ore molecules present 
One condition which may abruptly 
terminate the rise of pulse height with 
oncentration is that the compound 
may have a limited solubility in the 
cintillation solvent Such compounds 


exist and are exemplified by p-ter 
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2-pheny!-5-(4-bdiphenyly!) 
- oxazole (PBO) 


2 - phenylindole 


yw io 20 
Concentration, in Toluene (gm/!) 


FIG. 3. Representative concentration curves. Self-quenching is 
least for top curve and increases with each lower curve 





How Scintillation Ability Relates to Structure 


The early history of the liquid scintillator program of the Biomedical Research 
group at Los Alamos featured the synthesis of many new compounds for study 
as liquid scintillation solutes (1). The initial guide for the preparative work 
was obtained from Kallman’s information (2) which showed that p-terple nul 
stood alone as an effectiwe liquid scintillation solute in a great number tested 


Its chemical relative p-quate rphenyl, was rather insoluble in toluene but still 


had remarkable scintillation properties in its ality lo function as a secondary 
solute This suggested that one might take advantage of the improvement both 

puantily of light emitted and the spectrum of that light resulting from a mole 
cule with four rings rather than one with three, providing insolubility could be 
removed as a restriction 

Our forat observation of a new serves of solutes was with 2-phenyl-5-(4- 
hiphenylyl)-oxazole which was much more soluddé. than p-terphenyl and which 
proved on preliminary measurements to be a better acintillator Since that time 
almost all of the compounds which have heen made have adhered to the structural 
criterion that they should be built of simple aromatic rings linked in a linear 
manner lo illou continuous con jugation throughout the molecule The 
aromatic ring systems which have been incorporated in potential scintillation 
solutes are benzene, naphthalene, furan, pyrrole, tiophene, oxazole, vnidazole 
thiazol ] ,-oradiazole 1 3, 4-thriadiazole pyridine pyrazine p yridazime 
indole. henzoxazole and benzothiazol 

itlempls lo make sweeping gene ralizations as to the relationship between 
chemical structure and scintillation ability have consistently failed because of 
the diverse processes which contribute to this alnility 1 few conclusions are 
appare ni 

1. Linkage of four rather than three rings in a molecule yields a better scintil 
lator, partly because of ita longer wavelength spectrum 

2. Four and five-ring compounds have sufficient solulntity for scintillation 
application hen they incor porate heterocyclic ring systems such as oxazole 

3. Generally beneficial ring systems are benzene, naphthalene, furan, pyrrole 
oxazole ,-oradiazole, pyridine, indole and bhenzorazole Poor ones are 
thiophene, triazole, 1,3,4-thriadiazole, pyrazine, pyridazine and benzothiazolé 

4. Substituent groups causing no difficulty are methyl, methoryl, fluoro and 


chloro ('ndesirable ones are bromo, iodo, nitro and phenolu hydroxyl 








phenyl! whose concentration 
still 


solubility, 


rising steep at it 


For those solutes with sufficient 


Olu 
bility, the concentration curve reaches 


a broad maximum and then proceed 


to drop in pulse height 
thi part ol 


occurring in 


termed ‘‘self-quenching nonradi 


ot the ime 


de-excitation by molecule 
kind. 


which correspond 


The concentration in the tabl 
to the maximum 


eiryve Ix ith 


the relative pulse height 
indication of the degree of 
ing. A small value of thi 
tion that sel 


ell-quench 
concentra 
hing 


than 


suggests 


f-quen 


severe-——it is operating earlier 


usual to reverse the rising 
concentration curve 
izatior regarding 


The only genera 


self-quenching whicl eem possible 
the table ure that the 


oxadiazole and the 


from 
penzene rings are 
associated with a much smaller degree 
rrole 


t ol 


of self-quenching than the p 


indole rings and that mo 


other ring systems fall in between 


Figure 3 shows some representative 


cases of different degrees of self-q 
ing. PBD 

rings and one 1,3,4-oxadiazole ring 

the least 

evidenced by its peak falling at 10 
gm/i. The PBO 
is structurally quit to the first 
oxazole ring inst the 
1,3,4-oxadiazole ring. The result a 
PPO, with 


PRO peak 


contain three benzene 
ind 
exhibits f-quenching a 
second pound 
riiiayr 
with an id of 
peak at 6 gm one kk 
benzene ring than 
4 gm/l and the compound with 
greatest degree of self-quenching 


concentration 


2-phenylindole, has it 
curve peak at only 2 gm 


Reflector Effects 
The 
pulse height depend not only on the 


values for maximum relative 


relative probability for the compounds 


and on inherent prob 
ability of self quenching, but 
the the light 


emitted, to the nature of 


to emit photon 
ilso on 
spectrum of which 


This i 
the detector 


due 
The photoc ithoce ha ih 
ensitivity curve 


somewhat selective 


which causes it to discriminate on a 
wavelength 
which yield the same number of pho 
give different 


measured pulse heights, because of th 


basis [wo compounds 


tons may considerably 
different degree of matching of their 
emission spectra to the photor athode 
sensitivity curve 


The two reflector sy 


40 


stems, titanium 


trend ot the 





Primary-Solute Relative Pulse Heights 
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°_-= S&S tS = 


Nhe weww 


to 
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Compound 


2 phe nyl-5 
PBD 


2-(4-methoxyphenyl!)-5 


i-biphen lyl)-1,3,4-ox 


} biphe n 
oxadiazole 

2-(4-methoxy phe nyl)-5 
2-(4-biphenyly! 


4 phe nyl-5 


i-bipher 
»-phenyloxazol 
t-biphenylyl)-oxazols 
rzole 


2 2-naphthyl ~-phenylox 


t-methoxyphenyl 1.3.4 


2,5-c1 

2,5-di-(2 naphthyl)-onx 
2 t-biphenylyl)-on 
| )-ox 


$,4-methylenedio 
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2-(1-naphthyl)-5 


5-«di-(1 naphthy izole 


yphenyl)-5-phenyloxazole 


5-di 2-fury! 1.4 l-oxadiazol« 
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, 
” 
}) 


i-methoxyphen 1)-f 2-naphthyl)-oxazole 


|-methyl-2,5-diphenylpyrrole 


5-di-(1 naphthyl )-1,4,4-ox 


2 wilinze 
2 2-fluoropheny! o-phenyloxazol 
2-(2-tolyl)-5-phenyloxazole 

phenyl-5-(2-naphthy!)-oxazol 
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t-tolyl)-1,3,4-o 
(PPO) 
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2 5-phenyloxaz 
2,5-di udiazole 
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2-phenyl-5-(1-naphthy! )-oxazolk 
2,5-di-(4-chloropheny!])-1,3,4-oxadiazo! 
) 

J 


} 


é methoxyphen 5 phenylox LZole 
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l-naphthyl)-5 
(@, 


2-naphthy! x 
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j methoxy phe nyl)-5-(1 naphtl 


inzole 


-methoxyphenyl)-5-phenyloxazole 


} fluoropheny! 0 pheny loxazole 


9 
d 
2,5-diphenylpyrrol 
9 
9 
2-(4 methoxy phe nyl)-5-(2-naphthy 


diazol 


t-biphenylyl)-benzoxazole4 


2-furyl)-5-phenyloxazole 


chloropheny! ) phenyloxazol 
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9 
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2-phenyl-5-(2-furyl)-1,3,4-oxadiazole 
2 izole4 
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2-(1-naphthyl)-5-phenyloxazole aNPO 


2 5 phenyloxazole* S| O6 


5 
4° 


b-py ridyl 


5 di (4 biphenylyl 1,3,4 oxadiazol 


: 
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) 

2 5 phenylox izol 2 § O4 
2 5-diphenyl-1,3,4-oxadiazole ‘ SY 
) 

) 

) 

) 

) 


: 


Hedi oxazole® (BBO a 17° 


3 tolyl) 5-phenyloxazole : ‘ Ob 
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- 
- 
- 


Hedi (2-naphthy! 1,3,4-oxadiazol 02 


2,5-diphenylfuran ; 04 


U 


2-chloropheny!)-5-phenyloxazole F 01 


/5-di-(4-fluoropheny!)-1,3,4-oxadiazole P| 


1,3,.4-oxadiazole ; ; O4 


phenyl-5-(1-naphthy! 


» 

» 

2-phenylbenzoxazole y f 9] 
9 

2-phenylindole 

l, 


t-li-|2-(5-phenvloxazolyl) |-benzene* (POPOP 2:30 
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Primary-Solute Relative Pulse Heights 


Pulse-ht 
reflector 
ratio al 


Cone. 8 qm 


Compound gm/l) (TiO 1/ 


) 


2-(4-pyridy])-5-phenyloxazole 


2-(1-naphthyl)-benzoxazole 
2-(2,4-dichloropheny])-5-phenyloxazole 
2,5-di-(2 


5,5’-diphenyl-2,2'-bioxazoly! 


thieny])-1,3,4-oxadiazole 


2-(2-naphthyl)-indole 
2-(w-stvrvl)-5 phenyloxazole 
2-pheny|phenanthroxazole 
2,3,4 5-tetraphenylpyrrole 
tripheny loxazole 

d~(] 


2-phenyl-5 


naphthyl -H-methy loxazole4 


3,4-oxadiazole 


2-naphthyl)-1 
2-thieny])-1,3,4-oxadiazole 


2-phenyl-5 
1 ,6-diphenyl-1,3,5-hexatriene 
2-(4-biphenyly]l)-indole 
tetraphenylfuran‘ 

2,2’-bioxazolyl* 


5,5'-di-(2-naphthyl 


2,5-di-(w-styryl)-1,3,4-oxadiazole 
2-(3-bromopheny])-5-phenyloxazole 


2-(2-thieny])-5-phenyloxazole 


2,5-di-(4-bromopheny])-1,3,4-oxadiazole 
2-cyclohexyl-5-phenyloxazole 
luoranthene 
2-(4-bromopheny!])-5-phenyloxazole 
2,4,5-triphenylimidazole 
2,5-diphenylthiazole 
5,5’-diphenyl-2,2’-bi-1,3,4-oxadiazoly|¢ 
pyre rie 

2 5-cdiphe ny Ithiophene 

anthracene 

phe nanthrenc 
1,1,4,4-tetraphenyl-1,3-butadiene 

i t-di 2 
ehr 
1 ,4-cli-[2 


) 


oxazolyl||-benzene 


5-(4 biphe nvlyl 
sene 


5-phenyl-1,3,4-oxadiazoly]) |-benzene 
2-bromopheny!)-5-phenyloxazole 


2-(2-iodophenyl)-5-phenyloxazole 
2 5 iodopheny! 


5-phenyloxazole 
2-(4-iodopheny])-5-phenyloxazole 


2-(3-nitrophenyl)-5-phenyloxazol 


2-(4 nitrophenyl 5-pheny lox 


2,5-diphenyl-1,3,4-thiadiazole 


iZoV 


lbenzothiazole 


2-phen\ 


) ) 


2-(2-hydroxypheny!)-benzoxazole 
|, 6-diphenylpyridazine 
2,5-diphenylpyrazine 

tetraphen) 


Ipyrazine 


liphenyltetrazole 


at end of article. 


dioxide and aluminum, are quite differ- 
ent in the shapes of their curves of 

Alumi- 
reflector 


wavelengths 


reflectance versus wavelength 
msistently good 
the 
encountered in the emission of scintil- 


above 


hum is a ¢ 
throughout range of 
whereas, titanium 
reflector 
The ratio of pulse heights, 


lation solutes 


oxide is a& good only 
1000 A 
obtained by dividing the titanium di- 
the 


should be higher for compounds emit- 


oxide value by aluminum value, 


ting above 4,000 A than for compounds 
The 


ratio as 


relative-pulse- 
the 
last column of the table should serve 
the 
length of emitted light 


emitting below. 


height reflector listed in 


as an indic ation ot menah Wave- 
‘| hose coni- 
pounds emitting at longer wavelengths 
than PPO should give values greater 
than -B and conversely, those ol shorter 
wavelengths should give values of less 
than 1. 


ried out to date with measurements of 


A small amount of work car- 


scintillation spectra has shown that the 
indication given by this ratio is qualita- 
tively correct. 
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Pulse Height Comparison of 


* References are in bibliography 

* Solubility limit 

» Measured at the solubility limit. 
Now commercially 


Secondary Solutes 
available Liquid Scintillatora I] will diacuas the 
* Not reported previously. 

* Supplied through the courtesy of Dr. Henry Gilman 
of Dr. Eugene Lieber, U. 8 


role of the light-emitting compound in a 
double-sol ute 
the 


Iowa State College, Ames, Iowa 


Supplied through the courtesy Naval Ordnance Testing scintillating system and 


Station, Inyokern, California present tharacteriatica of 24 such 


compounds 
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How to Control atten 
a Boiling Reactor che 


Moderator density coefficient of 


steam 


reactivity. ‘The vapor fraction in the 


re ol a boiling reactor is not constant: 


uN from 0 at the core entrance 
, exit In 
complicated by changes in moderator density under eee eee ee 


Dynamic control of boiling-water power reactors is 


" is as ned spa iverage 

various conditions. A servo analogy is useful for of vapor fraction can be used. Figure 
eee, constant pressure the 
predicting trends ers 


iries inversely with 


nversely 


By JOHN MACPHEE 
Nuclear Project eclio ene neering Laboratori 
tmerican Machine a na f Dp eenwich. Connect 
constant of the 
moderato! 
“erator 


ther an increase o1 





ty depending on the 


Throttle change in reactivit 


; = = ‘Yr unit inge of moderator density 


defined as « moderator density 
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Constant Pressure Operation 





or were yperated it 
onstant pres I e.g in in open tank 
posed to the atmosphere), reactivit 


on Of vapor traction 





Condenser rator density coefficient of re- 


would 
self-regulating if a@ 


Feed pump 












































r example, assume a 


. ' _— - 
ain I W operating at point , on 


in power would 








f ind thus reduce pyy, 
FIG. 1. Closed-cycle boiling reactor plant » cles » in , would reduce re 
reactor power to 
ch a reactor would 
BOILING REACTOI | ed | of a heterogeneous reactor moderat b yulating rge oscillations in 
gonne National Labo ind cooled by water, a pressure vess« owe! ld o¢ This condition 
attractive economu tag in intermediate heat exchanger 
has been proven | erimer 1 turbo-electric load Water fr 
that a significant a1 f power can downcomer flows up throug “ Operation with Turbine Load 
be removed from such reacté where vapor bubbl generat In ctual power plant, the reactor 
ever, the fact tha boiling { lt two-phase mixtur , hye coulk : vary as a result of 
moderated — by hie t riser, at the top of whic! ie bubl hanges it it vad The pressure 
poses & much mo pi ‘ ire disengaged Phe pal ( ! irl ould | more sensitive to 
problem than enco ered in eto flows to the steam « il om ges if steam were supplied to 
having a single-pha oder liquid enters the downcomer to be re dir ly from the reactor 
is the problem of d I cor I circulated through the ce ( i I ; n usil in intermediate heat 
represents probal the ia | i tion through the reactor re cl ras shown In Fig. | Unfor 
uncertainty of the r-renet the difference in coolant det ro ly ( rbine load will 
concept the recirculating loop 
A closed-cy: ly nyg-res pis team chest supplie 
is shown in Fig. | or nitermediate heat ex 
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it best produce intolerable excursions 
reactor pressure. This can be dem- 
onstrated by assuming that the reactor 
critical and operating at full power 

t point ‘“‘a”’ on Fig. 2. Provided a@ is 
it zero and the effect of neutron tem- 
perature on reactivity is negligible, the 
teady-state average moderator density 
ist be constant for all levels of reactor 

e! Therefore, for zero power de 
the reactor must shift from point 

1 point where pay, is the same 

is zero. Point “‘b” satisfies 

hese conditions at the expense of 
tremendously increasing reactor pres- 
ire Since it is desired to operate the 
reactor at constant pressure to keep the 
st of the pressure vessel down, such a 
ge pressure excursion would be 


ntolerable 


Servo Analogy 
Che foregoing discussion suggests 
that a boiling reactor plant can be con- 
dered as a servomechanism in which 
the components in the forward 


the reactor is itsell i closed loop 


1 model is shown in Fig. 3 

Che transfer function A (jw) represents 

the reactor core; Ke(jw) represents the 

modynamiec system, which includes 

steam chest, recirculating loop, and 

the turbo-electric load. The transfer 

function K w) relates feedback to the 

etor resulting from differences in 

ower output and power demand, It 

hould be noted that this feedback 

s itself predominantly as para 

ing of the reactor.* Be- 

s fact, analysis of the entire 

n shown on Fig. 3 by conven 

tional methods of servomechanism de- 

gn would at best be extremely diffi- 

{ However, the model shown is of 

ilue in that it: (a) allows the 

mer to formulate some general 

ples concerning the over-all sys- 

permits anals sis ol reactor 

or constant-pressure opel 

is second point results from 

that for constant-pressure 

the transfer function of the 

tem reduces to the transfer 

u This transfer fune- 

analyzed readily by known 

omechanism design principles (4 
now be shown. 


transier function Ky de- 


: parametric forcing could be con- 
in equivalent direct forcing 
vuld represent a power coefficient 
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FIG. 2. Average moderator density vs. saturation temperature and pressure, with 
average vapor fraction as a parameter 





SYMBOLS 


irea of core heat-transfer 7 moderator saturation tem 
surtace, It perature, “1 
heat capacity of fuel ele- frequency, radians/se¢ 
ments, Btu/*I moderator density coefhi 

constants ment of reactivit 

iverage vapor fraction in Wk /\b/tt 
core, volume of steam pet moderator density coeffi 
unit volume of moderator cient at vapor fraction f, 
iveraged over core volume delayed neutron fraction 

teady-state average power coethevent of re 

ipor traction activit 
core heat-transier coeffi- power coefficient at reac 
cient, Btu/sec/ft?/°I tor power IP’ 

Vv | j denot small iriation 
effective multiplication about equilibrium value 
constant of reactor change in moderator den 

purious change in k sity per unit change of 
change in k caused by reactor powe! 


CHANGE ID Pay effective deca constant 
I 


open loop gain of K,(ju of delayed neutrons, see 


C's) f.aolpy Po) , moderator density aver 
reactor pressure yer ver core olurne 
reference pressure 

power demanded by re- 8 of moderator liq 
ictor plant load uid phase, lb/ft 

power delivered to reactor density of moderator 
plant load por phase, lb/ft 

power generated in reactor time constant, se 
steady-state reactor power 1 coolant transit time 
power removed from re- through core, se 

actor core by vapor trans- neutron lifetime, se 
port and delivered to 

steam chest 

reactor fuel-element tem- 


perature, F 
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FIG. 3. 


scribes the 
CRs, 


moderator, 


pressure, the coolant vel 


fuel-element 


are 


equations of the reactor 
implying that 
small perturbations 
reactor power about 
condition (4) 


of delayed neutron 


than six 


The open loop gai 
function of the stead 
tion f,,, the moder 
cient at the operating cor 
the difference in densit 


liquid and vapor phase 


ator, (py 


The phase relation 


determined 


through tr. 


rT, are functions of 


teristics of 
function ol 
constant TT. 


transit 


examination of 
function shows 
the phase shift approac! 2% 


Tr 
l herefore 


in an oscillatory syste 
According to thi 
mum permissible vapor 


termined by 


moderator density 


the time 
Therefore, 


sures 1s attractive in that 


can be 


of fy, 


difference of the two ph 
is smaller (assuming o 

time constants and constant a 
ever, increasing the pressur 
the time cons 
ao a8 well, so that the re 


Ad 


behavior roe t 


the fue 


assumed 
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operation aft 
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Block diagram for boiling reactor plant 


veen the maximum peri ussible valu 
| element ind reactor of f 


In deriving A By 


ind pressure is not a simple on 
changing the parameters of ti 
model 


heat tral I bility 


it is possible to establish sta 
Furthermore, it is rea 
stalilit 
trends of the model will be representa 


the fit tual 


trends 


tant onable to assume that such 


con 


study must be limi » tive of the trends in non 


linear system Fore ample, if the 


tem represented by K w) is 


In ad more oscillatory one 


would ¢ xpect tl 
system to become 
this hvpothes 


phy ical 
lator If 


more Oscl 


proven, then the above model provide 


means for correlating the permissibl 


itor ilues of system parameter 


lition ae, and ent operating condition Correlat 


betwee! iccomplished by assuming some art 
trary criteria for stable operation 
the 


iriation of permissible 


pred ts the 
Tractio 


the eal 


respect model 
vapor 
by the time ce , vith 
The time Borax ¢ xperiments (6 
the Additional work i 


model can be used to 


pressure observed ir 


required before 
the reacto hil T thi 
CG i] ind 

is relate 

throug! 

the oper OD 


determine 

do more 
the 
the 


absolute system stability 
than predict trends 

the 
lependence of coolant velocits 


must be in 


pper in ally 


nonlinearities of system and 


tral 


on coo} 


that at frequer int density orporated 
Furthermore, more experimental « 

dence is required to substantiate th 
there is till 


the basi 


ibove hy pothesis since 


much unknown about phe 
nomenon of boiling 

the operating p 

Power Coefficient of Reactivity 


the discussion of Fig. 2, it wa 
pointed out that for a reactor having a 
finite value of a, changes in load de 
tolerated sin 


mand will cause variations in operating 
pressure. Whether or not these pres 
sure excursions are bounded, and if so to 
the 
ed ull size of real and effective heat « ipacitie 


what degree, will be influenced by 


tants 7, and 7 in the system and the power coefficient 


itionship b ot reactivity. 


sizes of rea ad 


Che 


Capac ities 


effective heat 


determine in large me 


isure 


the response time of the over-all svs- 


tem Large heat capacities introduce 


ignificant lags, thereby increasing 


tem response time 


An example 


efiective heat ipacity is the 


ehest ¢ \ the reactor 


core 


yume of this were increased infini 


response time ol 


the the change 


Lor ottle 
The 


team in the inter- 


pressure to changes in thi 


etting would become infinite 
yume of secondar 


mediate heat exchanger is another 
( mple of an effective heat capacity. 
coetin lent of 


’erhaps y, the power 


reactivity, is the most important facto 
iffecting the the 
stem to ch powell 


It « 


response ol 
inges in 


in be defined as 


The powe! coetiicient of reactivity is a 
neasure of the rate of change of reac- 


ity with respect to reactor power. 


is factor is in turn influenced by 


»perating pressure, vapor fraction, and 
pe of circulation 
the 


» less th 


A necessary condl- 
system to be stable is that 
in zero. kquation | 


~written to include 


equatiol! ht if Y 18 Dropor- 


ial to a and sumed to 


positive then must be 


the system to be 


negative 
stable As 


function 


fey 
ol 


men- 


tioned earlier i the 


Ciena! 
rhe 


ure 


propertic ot the reactor 


function & depends on operating 


vapor traction 


ition. This 
the same 
state powe 

a particular re 


iperimposed 


| The “ CUrves ure 


stem employing n itural 


i lO! a“ 
For a system 


the P 


recirculating pump 


culation employing 


forced circulation curves will 
lepend on how the 
is programmed. For constant 
speed the P, curve 

g. 4 


in be shown tl 


pump 
will be similar to 
those shown on | 

It « it the fi 


inction & 
be negative at al operating point 


vhere 


ip 
constant P, 
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Eq. 4 defines the region of 

e power coefficient of reactivity 
sitive values of a. The bound- 
etween the regions of positive and 
rative values of £ is shown on Fig. 4 


veral facts are evident: (a) if @ is 


(ib/tt) 


ve, the system will eventually 


a point where y <0 even if 





> 0 as at point “a on Fig 





for positive a, system stability 
romoted by operating at higher 


ind lower vapor fractions 


hb 
°o 


Basic Control Schemes 
Three basic schemes for controlling 


iling-reactor power plant are shown 





5. Since it is difficult to obtain 


Average Moderator Density, P ove 


both wide range and fast response in a 
gle control element, a physical sys- 
would probably use some combi- Seturetion Tempereture (°F) 
tion of two of these schemes. It 
t be emphasized that these repre 
basic control concepts and do not FIG. 4. Curves for determining power coefficient of reactivity 
ide any necessary anticipatory 
Ops, et method may have the disadvantage that Therefore, it would seem prudent to 
Scheme 1. As shown on Fig. 5, the large changes in reactivity will have to’ at least make provisions for it in any 
ctor load is maintained constant by be made in comparatively short inte boiling reactor contemplated at this 
team dumping transition in parallel vals this reason, it is felt that time 
th the turbine. The flow through this scheme is not as inherently safe As an example of how the ibove 
the steam dump is controlled by a pres- Ol course, Just how fast a control sys schemes can be incorporated into a con 


re error signal such that a decrease in tem is needed depends on the size of trol system, consider Schemes | and 2 


ine load increases steam flow heat capacities, power output, etc., of A system can be designed in which fine 
rough the dumping transition In the particular design. control is provided by adjusting the 

is manner, reactor load is always Scheme 3. Here vapor fraction is flow rate through a steam dump 
constant. This scheme would be very maintained constant for all power levels (Scheme | When the limit of the 
ittractive if it were not for the fact that through the use of forced circulation steam dump control is reached, the 
t is very uneconomical at low power The recirculating pump speed is con- reactor control rods are used for shim 
lemands, since large amounts of power _ trolled by the pressure error signalina ming (Scheme 2 Thus a small 
ire thrown away manner such that pump speed varies amount of steam will be dumped at all 
Scheme 2. This scheme provides’ inversely with reactor pressure. In power levels This control svsterm 
mmpensating reactivity changes, addition to economical considerations would incorporate the safety of steam 

ue to moderator density changes, by cost of pump and pumping power) this dump control with the economy of 


ng control rods. The rods are approach has the same disadvantages  control-rod regulation 


* 


ywrammed by a pressure error signal as Scheme 2. However, this scheme 

to increase reactivity in response would allow a greater amount of power The author wishes 
ns hie many he plul auggestionsa made d ing 
lecrease in reactor pressure rhis to be removed from a given core the preparation of thi - ‘eee of the 
material notably 7 ‘ A was 0 iginated 
~ hy the author as part of a group thesia at the 

(cr > 1X Oak Ridge School of Reacta chnology 

- \ 

‘ Thia article ia adapted 0 “a pape wre 

m | Sis, Pressure sensor ~~) Po ‘ -e or ser _— - 

_ i Throttle sented at second nationa ual meeting of 
Reactor pressure Turbine the IRE Profeasional ou ” V uclear 
error amplifier Steam Science, September 15, 1 n Oak Ridge 

J 

7 dump Tennessee 

transition 
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FIG. 5. Basic control schemes for a boiling reactor 
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Weight Change in Cylindrical Shields 
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By DAVID G. CHAPPELL 


Knolls Atomic Power Laborato 
General Electric Co 


Schenectady Neu Y orl 


Oiten one changes the inside diameter, D 
of a eylindrical shield without changing it 
thickness, f This nomogram gives the 
tional weight change, f; new weight is | 
times the original shell weight Weight 
end plates is not included, of course 

EXAMPLE: Shell with D 10 in, and ¢ 
in. is enlarged to D, 20 in Nomogram 
gives fractional weight change as O.S2 


veight is wSZ old, 


Fractional weight change 
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Every day.. 


more laboratories 


COUNT ON DETECTOLAB 


for accurate nuclear measurements 


New! Improved! 
siete Channel Analyzer 


am Sum 


Model DZ15 


The DZ15 Single Channel Analyzer represents 
the very latest improvements in the original 
ORNL model developed by Francis and Bell. 
Its stability and precision makes it outstand- 


ing for obtaining the amplitude spectrum of 


pulses. It is excellent for coincidence studies 

and for quantitative analysis of radiochemi- 
cal mixtures. When combined with other in- 
struments, it becomes the heart of a spectrome- 


ter. Precision settings allow resolution of 


energies as close as 20 kev. 


For Medical Laboratories 
ppertenteiesteatd Spectrometer 


1G) 


ee a 


Model DZ2!1 





This instrument, with the DP21 Scintillation 
Probe, is ideal for scanning brain tumors or 
doing thyroid uptake work. It selects primary 
ionizing radiation to the exclusion of second- 
ary and background radiation, resolving ener 
gies as close as 44 kev., such as lodine and 
Chromium. The precision of the spectrometer 
and its sharp counting rate differential greatly 
increase the speed and accuracy of measure- 
ments. 


Quality where it counts . 


g@etectolab,.. 


an affiliate of Borg-Warner Corporation 
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Completely New 
Precision Scaler 





The DS8 Precision Scaler isa COMPLETELY 
NEW fast scaling circuit. It is an ideal scaler 
for counting pulses from a pulse-height anal 
yzer. Many of its outstanding features are 
new developments not available in any other 
scaler. Some of these features are (1) PRE 
CISION pulse-height selector 2) improved 
low-current scaling stages; (3) regulated plate 
supply with hermetically sealed transformer 
(4) high-speed register driving circuit; (5) pro 
vision for cascading similar units for extending 
scaling factor. 


New Directional Feature 
Scintillation Probe 


Ce @ 


The Model DP21 Scintillation Probe has a 
focusing collimator giving the greatest direc- 
tional feature of any probe commercially avail 
able. Because of its 2” focal length collimator, 
three-dimensional radiation patterns may be 
obtained. A focused light beam on the axis of 
the collimator is included for positioning the 
probe. The crystal is shielded in all directions, 
even from the rear by using a light pipe 2 
long with a density one-half that of lead 


6544 North Sheridan Road 
CHICAGO 26, ILLINOIS 


Write for full details 





CROSS SECTIONS 
Simple Fall-Out Meter Uses CdS ith uniter 10: and 200-4 ean 


ra The relative response 





By [. KLICK, H. J. PEAKE, ictive dust from a nuclear explosior 8 0.9, 1.2, and 0.9 respectivel; 
P. T. COLE, H. RABIN, and It is sensitive over the range 
J. J. LAMBE r/hr and uses only commercially avail ige of the detector down to 0.01 
U.S. Naval Research Laboratory able components r/ ni Th oltage applied to the 


0.1—1,000 ‘veral improvements might extend 


Washington, D. ¢ The detector is a cadmium sulfids oF — ae nereased. Since the 
tal. Frerichs (1) has investigated firing and extinguishing voltages of the 

The dose-rats r deseribed her the CdS y-ray response, and Jacobs neon lamp are approximately 75 and 60 
Wis designed to il ! 2 inh has adapted it to X-ra detection W olts, the averag voltage applied to 
radiation of 


} as rve . 7 / Ite fer | = 
commercial equipment the CdS e1 tal O/ Vvoits for a loo 


The crystal is in series with a battery olt battery Increasing the applied 
ind a current-measuring device con oltage to 180 volts should almost 
isting of a capacitor shunted byaneon GOoUDIEe ponse 2) Since the 
lamp (Fig. 1). Under gamma irradia- CYS! User a thin flake, greater vol- 


tion, the crystal passes current, charg ime would give better sensitivit 3) 


ing the capacitor to the neon tube firing tlectrode acing should be a mini- 
point The lamp flash rate indicat mum ' ystal selection may be 
the y-ray intensity 4 model of this vorthwhile l0 crystals investigated 
meter has been constructed (Fig. 2 howed a 10-to-1 response variation. 
Calibration results are given in Fig. 3 5) Capacitor can be reduced; the 

To reduce the enhanced response f limitation is that lamp-discharge in- 
soft y-rays, characteristic of hig tensity decreases with capacitor size 


atomic-number detectors, the cryst until it becomes difficult to view 


is surrounded with 0.035-in.-thick le 
FIG. 1. Meter circuit. Flash rate of 1/sec sheet A square lattice of 0.013-in BIBLIOGRAPHY 
indicates dose rate of | r, hr in switch posi diameter holes ig drilled in the sheet + ~_— ae Appl. Phys. $1, 312 
tion 3, 10 r/hr in position 4, 100 r/hr in j acobs, Electronics 24, No. 8, 1 
position 5, and 1,000 r/hr in position 6; in with }76 in. between centers 72 (1 

position 3, 1 flash in 10 sec indicates 0.1 
r/hr. Position 2 substitutes resistor for 
crystal and gives |/sec flash rate for . 
battery in A+ condition, Position 1 is wets 3 poate 6 


“off.” Life of battery should be shelf life 
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FIG. 2. Exterior and interior of meter FIG. 3. Meter calibration at 0.2-100 r/hr. Straight lines give nominal range values 
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FIG. 1. Rotating-anode electrolytic cell. 


Deposition area is defined by Teflon washer. 


Anode stirring action must be vigorous for uniform cobalt distribution. Platinum anode 


is accurately positioned 0.5 mm above disk. 


Cell can be removed or replaced quickly and 
accurately by lowering or raising Lucite plate 


Secondary-Standard Co’ Sources 


Prepared by Electrodeposition 


By PAUL A. CALDWELL 
and J. D. GRAVES 
Vucleonics Division 

Vaval Research Laboratory 
Washington, D. C 


Che cobalt-60 gamma-ray sources to 

” les ribed were developed 4S second- 
standard sources in the millicurie 
The 0.055-55.0 


licuries of cobalt-60, were prepared 


inge four sources, 

quantitatively electrodepositing co- 
balt metal and encapsulating it in 
This 


if n avoids the poor geometry, high 


— 


jatinum by vacuum brazing. 
elf-absorption, and, in the usual glass 


container, the fragility of solution 
as well as the nonuniform dis- 
self-ab- 


sorption of evaporated solution sources. 


sources 
tribution and sometimes high 

The sources have been calibrated 
elative to ampoules (1.0 and 0.1 ruther- 
ords, ™5 ml) of cobalt chloride solu- 
tion available from the National Bureau 
The resultant absolute 
iracy is the 


ibsolute accuracy of the NBS sources 


f Standards 


about same as the 
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Electrodeposition 

The source preparation is a modifica- 
tion of a method described by Scott* 
for quantitatively determining cobalt 
using a cobalt chloride 
The 


modifications provide maximum speed 


by electrolysis 
amino complex as electrolyte, 
and completeness of cobalt deposition, 


maintain a good-quality deposit and 


allow a small volume of electrolyte 
The cobalt-60 was obtained from the 
Oak National 
slightly cobalt 
The 
adopted for the ele 


tidge Laboratory as a 


acid chloride solution 
proportions of the components 
trolyte were: ORNL 
cobalt chloride solution to give 21.3 mg 
cobalt metal: distilled water to give a 


" 


final volume of 7.3 ml; ammonium 


340 mg; ammonium 
0.90). OLS 


peroxydisulphat 


hydroxide (specific gravity 


mil. For a neutral « obalt chloride solu 


2 


tion, use 0.5 ml, since about 0.3 ml was 


necessary to neutralize the acidity of 
Standard 
: Sth ed 


edit (Dp 


* Wilfred W. Seott 
Methods of Chemical Analysis 
Vol. 1, p. 315, N. H. Furman, 
Van Nostrand Co., New York 


Scout & 


the ORNL cobalt chloride solution 

To prepare the electrolyte, dilute the 
cobalt chloride solution to about 6.5 ml 
distilled 


peroxydisulphate ; and reflux the solu 


with water; add ammonium 


tion for about 45 min, Complex for 


mation begins during this stage, and 
when boiling is completed should give 
When the solu- 


the ammonium hy- 


a clear pink solution 


tion has cooled 


droxide should be very slowly added 
and the solution allowed to stand for 
about 24 hr for 
giving a dark-brown-red solution, 

The activity of this “stock” solution 


ml so that it can be used 


complex formation, 


is about 10 mx 
undiluted to prepare the most active of 
The 


prepared by diluting the 


the four sources three smaller 
sources: ure 


ston k 
tion of stable cobalt 


an identical solu 
Thus, the latte: 
tivities, but the 


solution WwW ith 


has lower speciiic a 


total 
is unchanged 


amount of cobalt per milliliter 


This 


deposition procedures for each source 


allows identical 
with identical self-absorption 

The cobalt is deposited by means of 
nu rotating-anode electrolytic cell 
Fig. 1). The deposit is about 0.0035 
in. thick and covers an area 0.250 in, in 
diameter in the center of a platinum 
10% iridium disk . in 
0.010 in, thick 

If the deposition is begun at a rela 
tively 


diameter by 


high current, and the current re 


ota -_ 

FIG. 2. Jig, for holding source during 
brazing, is made of type 304 stainless 
steel; source is clamped between two lava 
blocks to separate it from steel. One- 
eighth-inch solder joint has proved ex- 
tremely strong 


Platinum 
iridium disks 


FIG. 3, 


Assembled source cross section 


49 





duced at intervals duri 
tion, a tightly adherent 
obtained in a reasonal 
schedule adopted 
6 hr at 4 ma, and 24 hs 

The cobalt complex used her 
rather sensitive to the ammonium 
droxide content of the solution An 
excess promotes the formation of an 
insoluble crystalline precipitate 
the solution is stored for more 
few days. For tl reason 
monia content of the solution 
adjusted such that the complex 
completely formed, but the 
will remain useable for several 
However, during the electro-deposition 
the electrolyte must be strong 
moniacal, to prevent the formatu 
deposits on the anode About 0./ 
of ammonium hydroxir 
solution should be adde 
deposition is begun, and 
intervals thereafter, to re plac e th 


composed during the electro] 


Encapsulation 

The cobalt i dwiched between 
the disk on which it was deposited and 
a similar disk that had been lightl 
engraved to show the nature and acti 
ity of the source. The disks are then 
brazed together around the edge with 
copper-silver-eutectic soldei Phe 
brazing is done in a vacuum furnace at 
SO0° C to eliminate the need for 
During the brazing, the sources 
held in the jig shown 
solder, also sandwiches 
disks, is an annulus 0.002 in. thick, « 
tending from the edge of the disks to 
within ¢ in. of the cobalt A 0.002 
in. tangential slit is cut through the 
annulus to ensure rapid and complet 
evacuation of the assembly interio: 
This slit is completely obliterated when 
the solder flows A diagram of a sources 


is shown in Fig. 3 


Calibrating Sources 


The scheme for preparing the 
electrolyte solution rom the 
solution is shown in Fig. 4 

Assuming complete depletion of tl 
cobalt from the electrolyte, the activi 
ties of the resultant electrodeposited 


sources were calculated to be 


1.000 + 0.000 

0.09953 + 0.000038 0.03 ' 
0.000909 + 0.000002 (0.02° 
0.0009945 + 0.0000003 (0.03 % 


r 


relative to the largest source aft 
rections for pipette calibrations 


relative activities of these sources 


50 


fmm wren nr eee ee 


/ 
/ 
/ 


ene . ae \ 
\ ‘ \ 
a | 
Evopor-\ \ , 
| ofed 0.55 mc 18) a, Sources 
\ source 


4 


{in 


500yi 








5 mi 











of 10 mi 
Low specific activity solution 








500 pl 500 yl 
Volumetric 
[so mi | [50 mi flasks 


5mi 5mi 


























Ampoules 


NBS 
intercomparisons , P ~ + 


of activities ail solution 
FIG, 4, Dilution and calibration procedures. Electrolyte for 55-me source obtained by 
pipetting 5 ml of stock solution into cell. For 5.5-mc source, 500-yl of stock solution are 
pipetted into cell and diluted to 5 mi with pipette rinse and inactive cobalt complex. 
For 0.55- and 0.055-mc sources, 100 yl of stock solution are diluted to 10 mi with pipette 
rinse and inactive cobalt complex; two source electrolytes are then obtained from this 
low-specific-activity solution in same way larger sources were obtained from stock solution 


measured with a Victoreen thimble tandards were exposed individually to 
chamber and a charger null-reade: i 4a gamma ionization chamber meas 
device as ured by a Victoreen charger null-reader 


- ies device The ratio of the readings ob- 
1.000 t O.0005; 0.057% 


0.0997 0.00014 0.149 
0.00995 + 0.000013 (0.13%) 
0.000994 + 0.0000024 (0.24%) 


tained from the eight unknown am 
ules to NBS standard ampoules gave 
the specihe activity of the two solu- 
tions from which the four sources were 
relative to the largest source constructed. The ampoule readings 

The activity remaining in solutior agreed with one another within a prob- 
on the cell walls, stirrer, et was men ible error of +0.33%. The two stand- 


ured to be about 0.1 1% of the total urd ampoule s agreed with one another 


ource activity for the three largest vithin a probable error ol 0.25% 


OUTCES The activity leit alter «ce Thus the four electrodepos ted sources 
positing the smallest source “as 0 were calculated to be 


small to measure wi 54.86 0.29 on 
5.460 + 0.022 me 
0.5482 + 0.0022 m 


0.05456 + 0.00022 mx 


vecuracy and was assun 
ame percentage as the others 

To obtain a calibration of thes 
sources relative to the NBS standard 
t 50-~l sample of the stock solution wa of June 1, 1955 
pipetted before and after the extra These values are known to within 
tions for the two largest sources were 0.4% probable error relative to the 
made, acidified and diluted to 50 ml! tandards rhe absolute value of the 
wo 5-ml samples from each of thes standards are certified to +2% as of 
flasks were pipetted and sealed in 5-ml October 1, 1953 All values were cor- 
ampoules of the same dimensions a rected to June 1, 1955, using 5.2 yr for 
NBS standard-source ampoules \ the Co® half-life The absolute accu- 
500-~l sample of the low-specific-acti racy of these sources is then +2% 
ity solution was pipetted before and A final check was made to provide a 
ifter extractions for the two smallest more direct comparison between the 
sources were made and ea electroplated sources and the solutions 
was acidified and diluted 50° mi \ 2-m! sample was taken from one of 
lwo 5-ml ampoules were obtained from the 50-ml volumetric flasks containing 
each of these the 50 wl of stock solution This was 


rhese eight ampoules and two NBS leposited and evaporated on a platinum 
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A NEW PRINCIPLE 


IN RADIATION DETHC TION! 


THE LIBRASCOPE 


SsicCc-2 


RADIATION DETECTOR 


FEATURING THE GALANCED IONIZATION CHAMBER 


The Librascope BIC-2 is a compact, inexpensive 





device for measuring radiation rate quickly and accu 
FEATURES rately in amounts from .05 to 50 Roentgens per hou 
The operation of this instrument is based on a prin 


Rugged, sealed unit 


ciple deve loped in Libras« ope § researc h laboratoric 8; 


+ Shock and Moisture-Proof the Balanced lonization Chamber 

* Accurate, Simple Operation This is a balance between a negative ion current, 

¢ Carried by Belt or generated by external radiation, and a positive ion 
Shoulder Strap current, exactly equal and opposite, which is gene 

* Long Life on Hearing rated within the instrument. The “nulling out” of these 
Aid Battery two currents is the servo-mechanism principle, or a 


THE 81C-2 
provides 


100% feed-back loop. As a result, calibration is not 
affected by electrometer tube characteristics, batt ry 
voltage, meter movement sensitivity or linearity 


Calibrated Range: .05 to 
50 Roentgens per hour 


Low cost Weight: 18 Ounces 


PROTECTION 


For complete information, or a demonstration of the 
New BIC-2 Radiation Detector, write today to Libra 
scope, 808 Western Avenue, Glendale, California 


for 
Industrial Use 
and 


CIVILIAN DEFENSE 
DISASTER TEAMS 





808 WESTERN AVENUE 
GLENDALE + CALIFORNIA 











disk identical with those used for plat 
ing. The deposit VAs 
with another platinum disk and com- 


then covered 


pared with the smallest of the electro 
sources This 
VI tube The 


deposited comparison 


was made witha G ratio 
of activities measured was within 0 
of that 


within 


calculated ral 
the of thi 


measurement 


erro! 


Conclusions 
This 


sources provides a very 


cobalt 
adherent uni 
controlle d 


racking or flaking of 


method of preparing 


form deposit of accurately 


dimensions. No « 
the deposit or separation of the cde posit 
from the platinum disk was observed 
upon flexing the dis Phe assembled 
source is extremely rugged and should 


| lefinitel 


remain hermetica! ealed ine 


unless deformed enough to rupture one 
of the disks. 

The characteristics of the deposit 
suggest the application of this method 
to the preparation of cobalt-60 beta 
sources, and perhaps to other beta 
emitters, by omitting the covering plat- 
inum disk. A direct extrapolation of 
the activity losses in electrodeposition 
gives a 1.4% loss from a 0.5-ml electro- 
lyte and a cobalt deposit of 0.55 mg 
could 


em?. Larger losses than 1.4% 


be determined accurately in fair! 
active sources, permitting even thinne: 
deposits 

Although in this 


were prepared to be only in an approxi 


case the sources 


mate activity range, standardization of 
the specific activity of the electrolyte 
prior to the deposition of the sources 
would allow sources of an exact activity 


to be prepared. 


High-Dose Measurement 


by Optical Absorption 


By J. F. FOWLER and M. J. DAY 
Kadiothe rapy Lh partine 
Royal Victoria Infirm 


Vewcaatle R England 


The change produced in the optical 
absorption of various substances ha 
been suggested as a means of measuring 
high doses of ionizing radiation Ihe 
darkening of red-dyed  polym 
methacrylate (Perspex 400) w 
with X-ray do 


/ 


to be linear 
3 ™&« 105 


vated glass was recently 


roentgen 


measuring gamma and 
tween 10° and 10° rep 
nerenu 


tion of absorption with 


age was found above about 2 


It is our purpose to 


system whereby dose 


higher can conveniently be mea 
It is suggested that the clear pia ti 
late PMMA 


and (preferably) polystyrene ma " 


polymethyl metha 


useful 


Spectral Characteristics 
These plastics show 1 
absorption bands in the 
trum, but each has a cut-off 
about 2,800 A Upon 


moves up into 


raciiation 
u-v edge the vi 


region, producing iracteri 


brown discolorati: 
some glasses (Fig. | 
Polystyrene show 


small absorption band at 


52 


to irradiation. This small band is ol 


cured by the u-v edge, as it moves up 


into the visible region, at doses above 
about 2 * 107 1 No such peak ha 
been observed in the spectrum of 
irradiated PMMA 

It is therefore suggested that absorp 
tion measurements should not be made 
it a wavelength corresponding to the 
peak of this or any absorption band 
Vigure 2 shows that absorption is linea: 
with dose over a considerable range ol 
wavelength, and indeed the smoot! 
spectrum provides a convenient choice 
of sensitivities for such measurements 


increasing towards the u-v. 


Dosage Dependence 

The increase of optical absorption 
with dose for PMMA and polystyrene 
is linear up to about 2 * 10’ r (Fig. 2 
PMMA is slightly more sensitive than 
polystyrene up to this dose 

As the 
PMMA 
beginning before 10° r is 
} Above this 
gradation is important, and specimen 
of PMMA become too brittle for prac 
tical use 

Polysty 
a “knee” 
ex 10" 3 After 


tinues to rise linearly 


dose is further increased 


gradual saturation 


attained (Fig 


shows it 
molecular de 


dose 


other hand 
at about 


rene on the 
in the curve 
this the 


hows 
curve cor 
with a reduced 
slope, this slope being adequate for dose 


determination. It is possible that the 
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FIG. 1. Optical absorption spectra of 
polystyrene; u-v absorption edge moves 
towards longer wavelengths with increas- 
ing dose 
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FIG. 2. Linearity of induced optical ab- 
sorption with total dose 
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FIG. 3. Induced optical 
total dose at higher doses 


absorption vs 


with the dis- 
appearance of the small band shown in 
Fig. | No 
up to the highest dose administered 
2x 10° 3 
deterioration of 


knee”? is associated 


saturation was observed 
Polystyrene undergoes no 
mechanical 


serious 


properties at this dose level. 


Induced-Absorption Decay 


The new absorption bands produced 


the radiation decay slowly in the 
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riod following irradiation. As noted 
Day and Stein (J) with smaller 
ses of radiation the decay is partially 
ie to diffusion of oxygen into the 
cimen, and there is also a thermal 
leca Since both these processes are 
ctivated, their relative magnitude de- 
pends markedly upon temperature 
In PMMA at room temperature, the 
ygen effect produces, after a week o1 
complete bleaching in an increasing 
iperficial laver with a sharp line of 
lemareation from the unbleached re 
gion. This suggests that oxygen reacts 
rtually instantaneously with the ab- 
sorption centers, the rate of this process 
being governed by oxygen diffusion 
polystyrene the thermal bleaching 
rocess appears to predominate at 
t, the absorption coefficient initially 
ling to half its value in 4 days, the 
lecay thereafter taking place at the 
much slower rate of a few per cent per 
eek.* In practice, if absorption meas 
urements are made within it few hours 
ifter the end of irradiation these effects 
it room temperature are not 
mportant 
No appre iable optical bleaching has 


Deen observed 


Experimental Technique 


The curves of Figs. 1 and 2 were 


btained using 220-kvp X-rays at 
ibout 4,000 r/min. The optical 
keasurements were made on a Unicam 
pectr photometer. 

Che curves of Fig. 3 were obtained 

ng Co® y-rays at about 5,000 r/min 
The longest irradiation was 30 days 
\ simple double-beam photometer was 
ised for measuring these specimens 
together with an Ilford Filter No. 600 
transmission 3,900—4,500 A, with peak 

it 4,200 A The specimens were 


om commercial material 4; .6-in 


results obtained with the Co 

1.33 lev) and 220-kvp X-rays 

any major energy dependence 
* * * 
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Farmer, Head Physiciat of this 

for helpful suggestions and en 
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f the Biochemistry Dept Royal 
ia Infirmary, for the use of the Unicam 
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1. Johnson, of King's College, Chemistry 
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The BIG QUESTION, always... 


What's the True Gamma Intensity ? ? . 


Get the answer anytime — get it accurately get it easily, Get 
it with the Victoreen Model 592 or 592A ion chamber GAMMA 
DOSE RATE SURVEY METER — the survey meter that’s light 
weight, yet rugged, with a stable, drift-free circuit and wave 
length independence. 

The many desirable features of this fine instrument are the features 
engineers and phvsicisis demand in a survey meter. Check them off, 


7 THREE RANGES OF SENSITIVITY 

MODEL 592 — 0-10, 0-100, 0-1000mr, hour 

MODEL 592A — 0-5, 0-50, 0-500r/ hour 
Two-stage D.C, amplifier circuit with 100° negative feedback. 
Factory calibrated on x-ray and radium or Cobalt 60 


Accuracy conservatively rated at 109% of true dose over an 
energy range of 50 Kev to 1.3 Mev. 


Plug-in ion chamber for interchangeability 
lon chamber for model 592A may be used in 592 


Hermetically sealed ion chamber in model 592 is unaffected by 
environmental conditions of temperature, humidity or pressure 


Single hi-meg and electrometer tube sealed in the ion chamber. 
Iwo controls ... An on-off-range switch and zero set 
Well balanced with handle on top 


Rugged, fiber-glass reinforced case easily decontaminated , . , 
meets military requirements. 


sa 4a5k SSS SS 


Weighs only 4% pounds. 
For Further Details . . . Write for Form 3021 


INSTRUMENTS DIVISION 


‘The Victoreen Instrument Co 


5806 HOUGH AVENUE CLEVELAND: 3, OHIO 








TABLE 1—-Calibration of X-Ray Films 


Aclu 


Using Kodalith Positive 


Spot liamelter 


ily of 


particles ° 


Film 


Kodak Blue Line 68 
5 
12 


Kodak Type-K 


dpm) 


250 
170 
S00 
582 


iia 


1.840 


164 


5,074 


is) 
079 
878 


200 


S00 


Ansco High Speed 


* All activities were co: 
t No particle size measurement 


pared to a 


582 


O74 


0.2 


Y’ tandard with a counting efficien« 


were obtained 


Expo 


ire lime 


72 hy 0 days 





How to Measure 


Beta Activity 


of Fission Particles Using Film 


By CLARENCE SKILLERN 
University of California 
Los Alamos Scientific Laborator; 


New Mezxico 


Los Alamos, 


racioauto 
ng x riy 
photographic films to measure the beta 


This article des rib if 


graphic method of u and 


activity of party les ex 
The 


samples where activit 


mtaining fi 
limited 


oriwinat 


ion 


products method | to 
Irom 
an isolated point 
cles of 50-300 p diamete 
If a larger 
used, the particle 


affect the resulting 


ouree 


Only parti 
have Deen 
investigated, particle 


ze and acti ! ma 


do 
A large number of radioautograph 


calculations given here not apply 
were taken of settling tra 
fall-out 


* containing 
It 


1 method could 


fission-product particles 
seemed reasonable that 
be devised for finding the activity of a 
particle by measuring the spot diame 
te However, the periphery of thes 
the X-ray 


hence 


images appearing on him 


was not clearly defined accurat 
obta ned 


measurements could not 
It was suggested by 
Health and Safety Ab 
New York Operations Office, that a 


Kodalith negative be made of the X-ra 


members the 


Labor itory 


film spots This was tried and a clear 





TABLE 2-—Spot Size on Kodak Type-K 


Particle 
achivily 
(dpm) 


78,000 
110,000 
235,000 


Film from 6-Day-Old Fission Products 


Total 


nlegratior 


10° 
Lu 
10° 


6 0 xX 
1.5 & 


1.6 & 





54 


FIG. 1. Enlargements (approx. 10X) of 
spots obtained from radioautograph (left) 
and Kodalith print of radioavtograph 


reproducible outline obtained 


Wits 


Experimental 
Several particles were obtained that 
id high of 


ion products although the activity 


beta-disintegration rates 


decayed — for several months 


glass slides 


pray-painting with Krylon plastic 


se were mounted on 


rhe sample s were counted in a pro- 
portional counter and compared to a 
| Y* standard previously calibrated 
The standards had 
lar backing and geometry. 

The 
X-ra 


sure 


on a 47 system 


intl 
particles were then exposed to 
films, and by varying the expo- 
and by 


times using particles of 


different activities, various spot sizes 


were obtained The diameters meas- 


ured on the Kodalith prints are listed 
n Table | wo } 
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FIG. 2. Spot size on Kodalith film as 
function of beta activity, using three types 
of film for radioavtographs 


activities were also exposed for such 
times as to obtain the same total num- 


ber of disintegrations; these spots were 


of the same size 
Results for three types of X-ray film 
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J | “Bano ULTRASONIC 


DECONTAMINATION 


An effective answer 


to a growing problem 





The ever-increasing problem of removing surface radioactive con- 
tamination from hand tools, gauges, instruments and parts has a 
rapid, efficient answer— Bendix ultrasonic cleaning equipment. 


For example, Bendix ultrasonic cleaning units can even remove 
radioactive contaminants of various types which have been 
deposited under high temperatures over an extended period of time. 
Using only water-detergent solutions, our ultrasonic cleaners 
remove 99.5°) to 99.90, of this contamination in two minutes . . . far 


surpassing results obtainable by any other known method. 


Bendix ultrasonic systems are now widely used on industrial 
cleaning applications, including radioactive decontamination of 
hand tools. Investigate their possibilities. For descriptive literature, 
write BENDIX AVIATION CORPORATION, 2714 HICKORY GROVE ROAD, 
DAVENPORT, IOWA. 


A complete Bendix ultrasonic sys- 
tem, with recirculating and filtered 
cleaning fluid, is adaptable to re- 
mote system cleaning operation, 


VISIT US AT BOOTH 605, ATOMIC EXPOSITION, 
MUNICIPAL AUDITORIUM, CLEVELAND, DEC, 12-16 


West Coast Office: 117 E. Providencia Ave., Burbank, Calif 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, NM. ¥. 


AVIATION CORPORATION 








engineers 


to develop a 


NUCLEAR AIRCRAFT 


ENGINE 


mechanical engineers 

for experimental testing and 
development, mechanical 
design, stress and vibration 
analysis, combustion research, 
heat transfer and nuclear reac- 
tor development 


aeronautical engineers 

to work on innumerable inter 
nal and external airflow prob 
lems in connection with 
design, development and test 
ing of a nuclear engine and its 
components 


engineering physicists 
to assist in nuclear reactor 
design and development, 
including the analysis and 
development of controls, Sys- 
tems and instrumentation 


metallurgists 

to develop and evaluate high 
temperature materials to get 
greater strengths at elevated 
temperatures and higher 
strength-weight ratios. Devel- 
opment of superior materials 
with greater corrosion resist- 
ance is of major importance. 


chemical engineers 

to investigate the chemical 
aspects of heat-producing and 
heat-transferring materials. 
Work will include the deter- 
mination of phase and equili- 
brium diagrams and extensive 
analytical studies. 


General Requirements: 

At least a B.S. degree and up 
to five years’ professional 
experience. 


Send resume immediately to 


Mr. Paul Smith, Office 13, Employment Department. 


PRATT 


& WHITN 


ON OF UNITED AIRCRAFT 


AIRCRAFT 


East Hartford 8, Connecticut 


World's Foremost Designer und Builder of Aircraft Engines 


ire shown in Fig. 2. Ansco High 
Speed deviated somewhat from a 
straight line. The line slopes vary 
jualitatively with emulsion speed 
The equation of the line for Kodak 
Type-K X-ray film is given by 


log a+b log 8 


vhere d total disintegrations, 3 
spot diameter, a intercept on the d 
ixis where s =1 , and b = slope of line 
Thus log d 6.03 2.63 log 


For Kodak Blue Line X-ray film, the 


corresponding expression 1s 


log d 6.07 1.92 log 


For Anseo High Speed film 


log d 


Putting in pairs Ol values of d and s 
low d 6.25 +. | 67 log g + () tS (log gs)? 


The changing beta spectrum of gross 
ission products with time does not 
seem to affect the spot size signifi antly 
rhe experiment was repeated with par- 
ticles containing six-day-old fission 
products and gave points that fall 
within the limits of the previously pre- 
pared calibration curve for older fission 
products (Table 2 and Fig. 2, bottom) 

Considerable care must be exercised 
n applying this technique to particles 
on filter paper or other material where 
the particle is embedded in the mate- 
rial. . If the particle is not brought into 
real contact with the film, an unknown 
geometry tactor enters, giving a spot 


that is too small 


Radioautographic Technique 


Che X-ray film was placed in contact 
vith the particles in an exposure holder 
then taped between two pieces of plate 
glass After exposure, the films were 
ct eloped in Ansco Liquido! 1 velope! 
it 20 + 0.5° C for 344 min, transferred 
to Kodak X-ray liquid fix and hardener 
bath for 10 min, washed and dried 

The Kodalith film was placed next to 
the X-ray film in a printing frame and 

h 


exposed to a 100 itt lig t at S It lor 


2 sec an | then cle f oped in the Kodalith 
veloper at 20 0.5° © tor 3 min, o1 
disp 


i Wratten Series OA filter 
A Kodak acid fix bath was 


ed comple te black 


ing and drying 


) wishe lo acknowledge the 
of Harwood Kolsky, William 
ye Schulte of the Los 
Laboratory The worl 

the auspices of the Il S 


(‘ommisaton 
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Pm" Point Source MAMET TSU aL 


By JOHN E. GATES and 
DAVID F. EDWARDS* 
| Vemorial Institute 


t point source ol pro- 

electroplating onto the 

i small-diameter wire was con- 

ed to be the simplest method 

\ group at the University of Illinois 
lished data on electroplating 
viymium, and lanthanum 

lrous ethylene diamine solu- 

Because of the similarity in the 

ical properties of the rare earths 
peared that the method used for 
electroplating neodymium might be 
promethium | 

lo test the procedure, 50 me of Pm! 
hased in the form of PmClg,} 
HCl solution. A plating solu- | 
prepared by evaporating the 
olution to dryness and dis- 
the residue in 98% ethylene Gamma omitting samples inserted into a scintillation well counter are 
This solution was added to eee ee 


re | tube that was divi led portion of the energy spectrum, thus virtually eliminating ‘background 


oO compartments by a porous 


Bile, they sda wan ahha me with nuclear-chicago’s 


separately a6 an 


pe beongeie gong oh a 7 NEW RADIATION ANALYZER 


Phe inode and cathode were con- 


tructed from 0.020-in.-diameter plati- Ce and your present scaler 


re sealed in glass from which the — and scintillation counter 
the wire extended 0.060 in. to 


rf laboratories al 


‘de the electrode eurface. Elec. The advantages of pulse-height selection 


iting was continued for approxi-| for background and scatter-error reduc- 


itely 46 hr at 90 volts and 70-90 ya. | tion, multiple tagging measurement and 
At the end of the plating period, it : energy analysis are now available for every 


dotesminnd tu tdlesboetodl radioisotope laboratory. The Radiation 


of the plating bath that 43 + | i : i Analyzer, connected directly to your pres- 
of Pm" had been electroplated ent scaler and scintillation counter, in- 
cathode. The deposit was 1 corporates in a compact single-chassis 
| adherent with little metallic | ’ design a non-overloading linear amplifier, 
It was not established whether pulse height discriminator and extremely 
onit was the metal or the oxide nning and recording of spec stable high voltage regulator. Circuitry 


plished by Ana 


plastic coating was applied to eter, recorder and scintillation has been designed for simplicity, stability 
€ t ergy spectrum of 


: to protect the promethium ssium-i37 is shown on recorder chat, and high reliability 


‘mporarily It appears that 
PI SPECIFICATIONS 

; | " " " ‘ " 

‘ ould be use d to prepare @ Linear feedback amplifier with gain of 2500 500 to 1500 volts with ten-turn potentiometer. Regula 

ai" 

yurces with curie-level @ Non-overload amplifier with delay-line shaper. Sep tion factor of 200 
arate amplifier output @ Overall resolutios time for equal pulse pairs within 1.5 
@ Base leve! adjustable 0-100 volts with ten-turn potenti microsecond 
ometer. Channel width of 0-10 volts provided by precision @ Front panel switch provides integral or differential 
sir gie turn control. Computer tubes, precision components count 


sh to expreas their appreci and ultra stable power supplies provide long term stability 


sand Meyer Pobereakin 
and Radiation Division 
Institute, for their guidance Write today for full details 


nuclear -chicago 


| State Doviess iy. ively. NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 
120, 539 (1954) ; "Res tikes 235 West Erie Street, Chicago 10, Illinois 
75, 3940 (195 LEADERS IN MAKING RADIOACTIVITY COUNT 
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@ Provision for external base level control allows auto 
@ Regulator for scaler high voltage supply variable from matic scanning 


iM and Radiatior 





. from impurities. The silver iodide is 
Isotope Exchange Permits Large then dissolved from the electrode and 


silver electrolysed from this solution as 

Silver-] ] ] Beta-Ra Sources the metal on a platinum electrode of 
y desired shape to form the source. For 

this final step, the silver may be plated 

on a variety of basic metals such as 


By W. WAYNE MEINKE and D. N. SUNDERMAN opper, brass, steel, nickel, and a 
Department of Chemistry, University of Michiaen ferrous and nonferrous alloys, as well 
Ann Arbor, Michigan — is platinum (16 
To prepare the electrode, a platinum 
gauze about 144 in. high and 4¢ in. in 
Multimillicurie sources of beta-emit 26-min Pd'"', and a small amount o diameter is coated with metallic silver 
ting materials have found many um 17-day Pd’, The Pd decays to by plating from 10 ml of solution con- 
during the past decade in biological 7.6-day Ag''', The Ag''! must be taining 10 mg of silver as the nitrate in 
(1-6), chemical (@) and physical (7, 8 separated from grams of palladium 3M NaCN and 0.5M NaOH. The 
systems, Investigators report using which is quite similar chemically to plating process requires about 4 min at 
sources of phosphorous-Bakelite (9, 10 silver Previous methods of separation 3 volts and results in the deposition of 
Sr-yY* (6, 17), Ru™*-Rh'* (4, 12 proved tedious and not readily_adapta about 5 mg of silver The electrode is 
Tl?®* (13), and Pd” ble to high-level processing vashed with water for 30 see and im- 
Development in this laboratory (14 The separation of silver by isotopir mersed in 10 ml of a solution 0.05M in 
15) of a new, rapid, high-decontami exchange, however, is a very specifi HI and 0.05M in NaHSO,;. The cur- 
nation method for the separation of type of reaction that suffers little inte: rent is then reversed, the silver surface 
silver by isotopic exchange makes possi ference from macro amounts of pal used as the anode, and electrolysed at 
ble the routine production of large beta ladium, Silver iodide is used since it 119 volts for about 5 min, changing the 
ray sources of Ag from neutron suffers less interference from palladium silver to silver iodide The finished 
bombarded palladium to supplement than the silver chloride described previ electrode is washed and can be stored 
this list of sources ously. A “silver iodide” electrode i in 1-1 HNO 


prepared and the electrode immersed To separate radioactive silver from 


Source Preparation 


in the radioactive solution to allow the other activities (except halides) the 


Palladium metal, when irradiated in process of isotopic exchange to oecur ilver iodide electrode is immersed for 


a nucleaf féactor, forms 13.6-hr Pd! and thus separate the radioactive silve: > min at room temperature in about 





Comparison of Beta-Ray Sources 


Specific activity 
ised or available Personnel m 8- Hou 


Form (curies/gn hazard (18,19 tible? obtained 


Pl 1% Ag 10% , Metal foil 0.2-.100 Neutron-ir- 
(X-10, MTR radiated 
Pd metal 
Ag'"! 1.04 (O1L& Ag metal elec 1- 1,000 Neutron-ir- 
0.80 (1% J troplated on radiated 
0.70 (8 metal cathode Pd in 
palladium 
None Red phosphor ~0.0058 (X-10 Neutron i 
mixed witl radiation 
Bakelite 


ol plaque 
Ru'’®Rh ie tu iy Ru metal ele 


Interme 0 Fission 
troplated on Cu products 
Pt, Au or Ni« 
thode and coy 
ered with thin 
laver of silver 
lor protection 
Tire ' , : Thallium salt 0.02 Neutron ir- 
or metal radiation 
of thallium 
Sry v0 7 ’ SrCl, in vials No, but Fission 
or sealed | rriet easily products 
plastic or! ruptured 
with thin 
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Motericis Testing Reactor 
OS renter ctats Aner 


oe 4+ 4-4 He 
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Chalk River, Conada 


cram Pd Metol 


Brooknoven 
Notiono! Lob. 


Curies Ag™ 


Ook Ridge Notional Lob. | 


10'2 108 4 10" a 


Flux (neutrons /cm?/ sec) 











SILVER-111 ACTIVITY attainable in 1-week 
bombardment at different neutron-flux 
levels 


10 ml of an acid solution containing the 
tive material. The solution may be 
tirred magnetically. The electrode is 
then removed and washed with a 
stream of 1-1 HNO, for 1 min, the 
thorough wash being essential when 
gh decontaminations are required, 
lo form the Ag!" source the electrode 
again immersed in the alkaline 
inide bath and the silver iodide coat 
lissolved; the silver is plated on a 
irce holder of platinum or other 
metal 
Sources prepared in this way give an 
uiherent coat of metallic silver. Con- 
tamination by rub-off may be lessened 
plating a thin coat of inactive silver 


When silver is 


ised as the support for the silver halide 


er the active silver. 
irface, much poorer deposits are ob- 
tained It is also possible to use the 
er iodide electrode directly and 
iminate an extra step inthe procedure 
lhe silver iodide tends to be somewhat 
halky and brittle, however, and would 
require a heavier coating than does the 
metal to prevent it from contaminating 
iterials it touches 
These sources can be prepared in any 
fa number of shapes and forms from a 
int to a line or a cube or a gauze, or 
rregularly shaped object merely by 
nanging the shape of the cathode in 
the final plating step. 
Yields of the radioactive silver var 
vith the type of electrode used in the 
change step. For the  platinun 
gauze used in these experiments, greate: 
than 98 % yield was obtained in 10 min 
it room temperature. Increasing the 
temperature decreases the time required 
to obtain this yield. 


f inactive silver may be used on the 


Smaller amounts 


gauze if a source of very high specific 
wtivity is required. When submilli- 
ram amounts of silver are used, near- 


juantitative yields are not obtained be- 
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MODEL S-4-C 


DIRECT-READING 
DELAYED SWEEP 
ACCURATE TO 


0.1% 


Size: VEO ne 


INCH E ee 
Ve" x NV" x 17%" cy 


31.5 Pounds 


—_— 
ANOTHER EXAMPLE of Walciman PIONEERING... 


The SAR PULSESCOPE, model S-4-C, is JANized (Gov't Model No 
OS-4), the culmination of compactness, portability, and precision in a pulse 
measuring instrument for radar, TV and all electronic work. An optional 
delay of 0.55 microseconds assures entire observation of pulses. A pulse rise 
time of 0.035 microseconds is provided thru the video amplifier whose sensi- 
tivity is 0.5V p to p/inch. The response extends beyond 11 me. A and 8 
sweeps cover a continuous range from 1.2 to 12,000 microseconds. A directly 
calibrated dial permits R sweep delay readings of 3 to 10,000 microseconds 
in three ranges. In addition, R sweeps are continuously variable from 2.4 to 
24 microseconds; further expanding the oscilloscope’s usefulness, Built-in 
crystal markers of 10 or 50 microseconds make its time measuring capabilities 
complete. The SAR PULSESCOPE can be supplied directly calibrated in 
yards for radar type measurements. Operation from 50 to 400 cps at 115 volts 
widens the field application of the unit. Countless other outstanding fea- 
tures of the SAR PULSESCOPE round out its distinguished performance. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 

CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPE® 

$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
S-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC™® Cathode Ray Tubes 

and Other Associated Equipment 


WATERMAN PRODUCTS 





cause of chalking of the silver iodide. 

Concentrated solutions of palladium 
inhibit this exchange process only at 
concentrations greater than 0.5M. 
Similarly, other foreign ions have an 
inhibiting effect at concentrations of 
about 2M and above. Results of a 
number of experiments on yields, de- 
contaminations, and interferences using 
this procedure will be reported 


elsewhere 


Source Characteristics 


The only silver isotopes present in a 
freshly bombarded sample of pure pal- 
ladium would be the short-lived isomers 
of 44-see Ag!®? and 39-sec Ag!® in addi- 
tion to the 7.6-day Ag'''. Unfortu- 
nately “high-purity” palladium often 
contains some silver metal impurity 
[see typical analysis (8)|, which would 

; im | give small amounts of 270-day Ag™® by 
De a ny +n” m | neutron capture. A typical impurity 
unet-an — an $y of 0.002 % silver would give only about 
0.002% as much activity of this long- 
lived isotope as of the 7.6-day activity 
ina one-week bombardment, and would 
be negligible. Thus the primary silver 
ictivity present in these sources will be 

ag*** 

A source of pure Ag! 


' would weigh 


only 6.5 * 10°-° gm/me, but since 
everal mg of silver carrier are required 
to utilize this exchange method, the 
silver will not be carrier-free. 
Which The Ag!!! emits several §-rays of 
about 1 Mev and ~10% y-rays of 
ibout 0.3 Mey The surface density 
button 2? of silver metal is about 26 mg/cm?/mil. 
Thus, the “half-thickness’”’ for the 
silver B-rays is about 244 mils of silver. 
(‘‘ Half-thickness”’ is useful for our dis- 


Today at Martin, one of the finest engineering CUussIOn although it admittedly is not 


teams in the whole new world of flight systems de- verv exact Since in this procedure 


velopment is at work on tomorrow’s design and 10 mg or less of silver carrier is used, at 


development problems. least half of all the B-rays emitted will 


Most of the people on that team are young and not be absorbed in most source arrange- 
ments. Hence, much less activity is 
moving ahead fast with a dynamic and fast-moving lost by sbsorption in these silver 
management, sources than in the P*? plaques 

Push any button and you can get the story of The most active source made to date 


some of the exciting things that are happening in this laboratory has been several 


there millicuries, but the same procedure is 


Contact J. M. Hollyday, Dept. N-12, The Martin suitable for many curies with the same 
. mount of carrier The graph shows 
Company, Baltimore 3, Maryland. ae a = nadine 
the amount of Ag!!! per gram of Pd 
that may be obtained in a _ 1l-week 
irradiation at various reactors. Re- 


00's 5 the NX of. Chalk River 


and the MTR in Idaho can accept up 


IU ZA , = “TT y, "i to 50 or more grams of palladium in 


their high-flux position. Thus, multi- 
Ss a CL  ¥ ‘w77 —_ FR | —> curie sources could be made by this 


exchange procedure tegardless of 


the activity level of the Ag''!, the 
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source can still be kept in an easily 


handled form 


Comparison of Sources 


Characteristics of a number of kinds 
of beta-ray sources are listed in the 
table. Sr® suffers the major disadvan- 
tage of difficulty of mounting and of 


high personnel hazard. P*? has been 


ised extensively in Bakelite plaques 
for many types of irradiations—espe- 
cially in the biological and medical 
field, but is inherently bulky and prone 
to contamination. 

Sources of Ag"! compare favorably 
with the other sources. The 7.5-day 
half-life is some disadvantage, but the 
ease of preparation should offset this. 
In its favor is the possibility of prepar- 
ing multicurie sources in any of a multi- 
tude of shapes that best fit the material 
or object being irradiated. Since silver 
is relatively nontoxic (20) in small con- 
centrations, it does not present the 
problems of Sr®°. The y-ray associated 
with the silver B-ray is of low energy 
and low abundance and should have a 


negligible effect on handling. 
* * * 


This work was supported in part by the 
l S. Atomic Energy Commission. The 
radioactive palladium used waa obtained 
through the Isotopes Division of the Com- 
mission, Oak Ridge, Tennessee. 
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REMOTE 
OBSERVATION 
and PHOTOGRAPHY 


a typical solution 
to problems involving... 


¢ RADIATION 
e HEAT 

© PRESSURE 

e TOXIC GAS 


A Kollmorgen Periscope may be 
the answer to your remote viewing 
and control problem. In most cases a 
scope of standard design and con- 
struction will meet the requirements. 
Where engineering is necessary, we 
are fully equipped to handle any de- 
sign or engineering problems. 

If you have a project calling for an 
industrial type periscope or for any 
precision optical system, check with 
Kollmorgen. For nearly half a century, 
we have designed, developed and 
manufactured precision optical prod- 
ucts including Naval Periscopes, Fire 
Control Devices, Projection Lenses and 
Navigational Instruments for Industry 
and for the Armed Services. 


check these advantages 


e True Color 

e Sharp Definition and Ciarity 
Completely Reliable 
No Operating Cost 
Low Maintenance Cost 
Photo Accessories Available 
Selective Magnification 

Send for Bulletin 301. 
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CORPORATION 


Plant: 347 King Street, Northampton, Massachusetts 
New York Office: 30 Church Street, New York 7, New York 
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Production of Fluorine-18 


By H. O. BANKS, JR. 
The Hot Laboratory 
Brookhaven Nationa 
Upton, New Yor! 


Lahoratory 


Knight et al.* fluorine-1& 
by the following reaction 


neutrons 


produced 


ising thermal! 


aLi* + on’ 
sH? + ,O" 
This work has been repeated an 
fied by the author 
The 


greater 


procedure gave 
that ob 


following 


chemical yield than 
tained with the procedure reported b 
ame time gave a 


Knight, and at the 


; lly 
HOMLZICAL 


product that would be phi 
compatible and therefore suitable fo: 
medica) research. 

Chemically pure lithium nitrate was 
fused and small increments poured into 
molds yielding buttons of about 0.4 gm 
While still anhydrous, these but 


tons were heat sealed into 1-in.-square 


each, 


Kach enve 


M ith the rmal 


polyethélene envelope 
lope was then irradiated 
cooling, for 112 min in the Brookhaven 
reactor 

Immediately upon removal from the 
reactor, the envelope was cut off and 
the button dissolved in Then 
fluoride lead 
acetate, and concentrated hydrochloric 
ipitate 


water 
carrier (KI aqueous 
acid were added to pre lead ‘ 
chlorofluoride or chlorice 

The 


aqueous 25% sodium hy 


precipitate was dissolve 

droxide and 
made just acid by adding 10% sulfuri 
Here, the lea 
as lead sulfate leaving the 


acid, precipitates out 
fluoride in 
centrifuged 


The solu 


tion was made just basic with aqueous 


solution. The mixture wa 


and the supernate decanted 


potassium hydroxide and in this form 
constituted the product 

Decay curves of six different sample 
plotted’ on” semilog paper, showe« 
straight-line decay, with a 112 
half-life and no tail after eight 


indicating high 


half 
lives, radiochemical 
purity of the product. Extrapolated 
to 7'o, at the end of the irradiation the 


yield for 0.4 gm of starting 


material wa 


* Radiochemical Studi of the Fi or 
Products, Coryell and NNES 
Vol. IV (9) Book 3 p. 1916 

t ‘'Scott's Standard Methods of Che 
Analysis,"’ 5th edit., Vol. 1, p. 405 
(D, Van Nostrand Co., “'ew York 
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Sugarman, 


note 1% 


0.4 me of F'* at a flux of 3.6 * 10 
n/em*/ se 


While as much as 1 me of F'* 


the foregoing 


could 
be successfully purified by 
process, it did not work for amounts of 


starting material in excess of 1 gm 
Higher 
trate prevented the precipitation olf 
lead chlorofluoride.t Further, at a 
flux of 3.6 K 10!? n 


of lithium nitrate in excess of 


concentrations of lithium ni 


amounts 
10 git 


em*, set 


partially decompose due to the internal 

heat evolved from the nuclear reactions 
After testing other lithium-oxyge 

lithium 


because of its 


compounds, carbonate was 
selected high 
stability and because it gave a F! 


thermal 
yield 
The 


availability of this compound in high 


at least as great as the nitrate 
chemical purity greatly minimizes the 
formation of radiocontaminants 
After a 24-hr 
per gram of starting 


irradiation, 2 me of | 


material | 
produc ed, 
The 


first dissolving the irradiated 


revised separation consists of 
lithium 
carbonate in nitric acid. Carrier fluo 


ride is then added in the amount of 
$f gm of lithium carbon 
then added and 


calcium fluoride and calcium hydrox ile 


10 mg Fo per 
ate. Calcium ion is 
are coprecipitated with sodium h 

droxide and separated from the lithium 


The eal 


cium hydroxide is dissolved in 


nitrate by centrifugation 
acetre 
acid and a second centrifugation sepa 
from the remaining calcium 


This 


ride is then dissolved in acid 


rates it 
calcium fluo 
diluted 


fluoride precipitate 


and run through a suitable ion e 


change column into a potassium hy 


droxide solution where it constitute 


the final product. An over-all yield of 


80-85 % can be expected. The process 
requires 1.5 hr to perform 

This isotope is now available from 
Brookhaven National 


amounts up to 10 me ( 


Laboratory in 
itions other 


than potassium may be had 


” * * 


The autho 
Jr. for refe 


wishes to thank Mr. L.G. Stang 
ing the problem to him and fo 
his continued interest in the 


work was done under the 


U.S 


auspices of the 


Atomic Energy Commission 


work This 


NEWSMAKERS 


W. W. Grigorieff, chairman of the uni- 
the Oak 
tidge Institute of Nuclear Studies, was 


versity relations division of 
elected first permanent executive secre- 
tary of the American Nuclear Society. 
William M 


State 


He succeeds Breazeale, 


Pennsylvania University, who 


uted as interim executive 


since the 


secretary 
founding of the Society in 
The office of the secretary 
is in the ORINS administration build- 


ing (P. O. Box 963, Oak Ridge, Tenn.). 


Jan 55 


Pieter Von Hermann is the first recipi- 
ent of the $1,500 Atomic Development 
Mutual Fund fellowship at Yale Univer- 
sity. He willstudy the gamma emission 


of cyclotron-produced radioisotopes. 


Carl Flesher, formerly of the World 
sank staff, has been named an assistant 
director of AEC’s reactor development 
He will be 


Commission’s international programs, 


division in charge of the 


Joseph C. Boyce, formerly associate 
director of Argonne National Labora- 
tory, has been appointed by Illinois 
Institute of Technology to be its vice 
president of academic affairs and dean 


of the graduate school. 


with the 
Navy’s 
sureau of Ships and the Naval Reactor 
AC's 


heads the newly formed 


Harold E. DeBolt, formerly 


nuclear power division of the 


sranch of teactor Develop- 
ment Division 
nuclear instrumentation department at 
Fairchild Camera and Instrument Cor- 
Lovis C. Prisco is 
he had been manager of nu- 


Anton 


poration sales 
manager; 
Electronic 


clear sales of the 


Laboratories 


Henry B. Fry, assistant manager for 
AEC’s 


been 


administration and service of 


Santa Fe operations office, has 


named director of administration for 


the General Atomic Division of General 


Dynamics Corporation 


Alberto F. Thompson has been named 
Head of the Office of Scientific 
mation of the National Science Founda- 
tion. Akt 


mation for the past seven years he was 


Infor- 
Chief of Technical Infor- 


in charge of the U. 8. Geneva exhibit. 
J. E. Hudgens, Jr., formerly of the AEC 
New Brunswick Laboratory, has joined 
the Atomic PowerDivision of the West- 
inghouse Electric Corp. as technical 


staff assistant to the chemistry sub- 


alvision manager 
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Solar’s research program creates 
better expansion joints 


SOLA-FLEX BELLOWS are constantly 
being improved — through new and 
better designs and more efficient fabri- 
cating techniques. These result from a 
research program ranging from basic 
studies through complete design and 
development engineering work. Users 


Solar builds both convoluted (left) and U-span 
joints in all sizes, as well as special designs 
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of the S 
benefits of these improvements. 


The photo above shows a Sola-Flex 
joint undergoing a cycling test. It is an 
8-inch pipe size joint containing three 
U-spans, designed for 150 lb. service 
(225 psi test). The cycling tests demon- 
strated that the design had a fatigue 
life of more than 50,000 cycles 

Solar builds expansion joints for 
every type of service. Sola-Flex joints 
are rugged and economical. Write 
today for a complete Sola-Flex catalog; 
or ask for help with your piping mite 
lems involving extreme pressures and 
temperatures 





ola-Flex line receive the 





SOLAR 


AIRCRAFT COMPANY 


INFORMATION: Write Solur Aircralt Co 


Departme nt B-77, San Diego 12, California 
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Proposed arrangement of core, shielding, and irradiation facilities 


The Proposed Brookhaven 
Medical Research Reactor 


By J. S. ROBERTSON, E. STICKLEY, 
V. P. BOND, and L. E. FARR 
Medical Department 

Brookhaven National Laboratory 

Upton, L. 1., New York 


Attainment of adequate depth doses 
of irradiation short 
time periods for medical and biological 


within desirably 


studies thermal-neutron 
beam having a flux of 10'® to 10''n 
em?/sec, This and other radiation re- 
quirements are expected to be met by a 


requires a 


reactor operating at up to 1 Mw power 
A proposed design is presented to show 
how a reactor using ‘‘swimming-pool 

type fuel elements and an air-cooled 
graphite reflector-moderator could be 
used to meet the given radiation-source 
requirements. 
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Need for Medical Reactor 


Increasing demands from Brook- 
haven National Laboratory’s Medical 
Department for sources of neutrons 
and for other types of radiation suit- 
able for studying the biological effects 
of radiation and for investigating clini- 
cal uses, have led to the proposal of a 
reactor designed to meet these specific 
requirements. The proposed reactor 
is being planned as an integrated unit 
of the forthcoming new Brookhaven 
Laboratory 


hospital and 


The radia- 


National 
medical research complex. 
tion requirements for certain investi- 
gations and a preliminary reactor de- 
sign are presented. 

Present facilities. The Medical 
Department’s needs are provided by 
two facilities of the Brookhaven Na- 





tional Laboratory research reactor. 


One facility, on the west face of the re- 
actor, consists of a port 5-cm square 
extending through the shield. It pro- 


vides a collimated external thermal- 
neutron beam with a flux of 107 neu- 
trons/cm?/sec, It has been used chiefly 


for instrumentation studies and for 
irradiation of small animals. 

The second facility is on the top of 
the reactor and provides a thermal- 
neutron flux of 3 10°n/em?/sec at its 
10 K 10-cm Its higher flux is 


explained in part by its port being only 


port. 


107 em from the graphite reflector of 
the reactor (the upper 107 cm of con- 
crete shielding is removed while the 
facility is in use) and by the fact that, 
instead of giving a collimated beam, the 
10-cm-square port ‘‘sees”’ an area of 
graphite 120 cm square, thus giving a 
diverging beam, but one with a higher 
flux. 


the graphite reflector are 


Interposed between the port and 
a layer of 
bismuth, which serves as a 


shield, 


shutter, which is primarily a neutron 


gamma 
and a massive motor-driven 
shield when in the closed position (1). 
Use of the shutter makes it possible for 
personnel to work for limited periods of 
time in the pit formed by removal of 


blocks, 


necessitating reduction of the reactor 


the upper shielding without 
power level. 

However, those experiments that do 
not allow replacement of the shielding 
blocks during the time when the shutter 
is open must be conducted at times 
when the effect of the neutron beam on 
the background does not disturb ex- 
periments at other facilities of the re- 
actor. In addition, the neutron flux at 
this 


changed during an experiment because 


facility occasionally has been 
the operating characteristics of the re- 
actor (power level, control-rod position, 
etc.) have had to be changed to meet 
the requirements of some other experi- 
ment. These difficulties arise primarily 
from the fact that the research reactor 
is better designed for physical than for 
biological research. In particular, the 
demand for a high thermal-neutron flux 
in an external beam, characteristic of 
the requirements for biological research, 
was not fully anticipated 

The second facility has been used as 
the site of treatment for two series of 
patients with glioblastoma multiforme, 
a malignant type of brain cancer. 
These patients have been treated by 
using the 


neutron-capture therapy, 
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LEADER IN DESIGN AND CONSTRUCTION OF NUCLEAR REACTORS 


NORTH AMERICAN 
ANNOUNCES NEW 
ATOMICS INTERNATIONAL 
DIVISION 


OPPORTUNITIES FOR 


NUCLEAR 
ENGINEERS, 
SCIENTISTS 


Che important growth of North American’s Nuclear ATOMICS INTERNATIONAL now has completed 
or has in construction reactor projects including the 


« 


! 
| 


MALLE \ toe 


Reactor operations has resulted in the formation of a 
| 


new. autonomous division. ATOMICS INTERNA Armour Research Reactor, the Joint A.E.C.-North 
American Power Reactor, and the UCLA Medical 


Research Reactor 

on mm ty eae You will work with top men at ATOMICS INTER 
Representatives of ATOMICS INTERNATIONAL NATIONAL . . . draw on the experience they have 
want to interview you . . . if you are interested in amassed in almost 10 years of leadership in the 
and qualified for nuclear positions. peaceful applications of nuclear energy. 


PIONAL. There are still “ground floor” career oppor 
tunities for nuclear-minded engineers and scientists. 





OPPORTUNITIES IN PEACEFUL APPLICATIONS 
OF NUCLEAR ENERGY 


NUCLEAR PHYSICISTS—M.S. or Ph.D. . . . experienced DESIGNERS—-Mechanical, Electrical, Structural, Piping 
or Machine Designers to engineer and develop nuclear 


in reactor and component research and develop 
reactor installations, facilities, and components 


ment...or qualified to work on related nuclear 
physics problems. Special opportunities exist for scien METALLURGISTS--B.S., M.S. or Ph.D. with training 
tists capable of planning experiments and carrying or experience in liquid meta] corrosion, vacuum melt 
out research projects ing and casting, high temperature alloys, mechanical 
fabrication, or physical metallurgy of nuclear fuel 
NUCLEAR ENGINEERS M.E., Ch.E., or EE. qualified jiaterials 


to perform evaluation studies of various reactor sys 
CONSTRUCTION ENGINEERS — Qualified by related train 


ing and experience to construct nuclear reactors and 
nuclear reactor facilities. Industrial Engineering or 
PROCESS ENGINEERS—Mechanical, Electrical and Civil heavy construction experience necessary, We'll supply 
your nuclear experience 


tems. ..including materials compatibility, design sim 
plification and nuclear safety and economy 


Engineers with experience in process design and con 
struction, high temperature piping, process instru COST ESTIMATORS—Familiar with construction codes 
mentation, or chemical plant processes to design and practices which may be adopted to nuclear reactor 
nuclear reactor installations and components engineering estimates 
Personnel Office, Mr. Newton, 
Dept. N Atomics International 
P.O. Box 309, Canoga Park, California 


ATOMICS INTERNATIONAL 


DIVISION OF NORTH AMERICAN AVIATION, INC. 
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® } B'*(n,a@) reaction In the first series 

Do You Have a Stake in Tomorrow’s # "oie". 5°0 2% 0% 
treatment port was used. The shutter 

N | p had not been installed, and it was nec- 

ic Par ower evelopments essary to control the flux by turning 

the entire reactor on and off. In the 

e_s . second series of patients, the present 

eee to produce electricity ? sa8 for propulsion? higher flux and shutter along with 
higher doses of boron have been used, 


National Research has been continuously associated with the and an improvement in the clinical re- 
sults is currently being observed (1, 4) 


: . 2 ; ; Fluxes and facilities needed. The 
particularly qualified to be a souree of materials, equipment, re- accumulated experience with neutron- 


United States atomic energy program since 1941. We are now 


search and consultation in the industrial development of atomic capture therapy indicates the need, for 
energy, and are prepared to assist other organizations faced with medical applications, of an external 
; ; : ‘ beam with a thermal-neutron flux of 
advanced engineering and management problems in this new field. 10'°-10"'n/em?/sec. in a 10-em-squar 
For further details write for our new brochure ‘National Re- port. These high port fluxes are 
search Corporation and Atomic Energy’’. needed to provide effectivety high 
Address your inquiry to Nuclear Energy Sense at the tumor copth (6) and, 
~ ; ; Wess in some applications, to take best ad- 
Department, 70 Memorial Drive, Cam- §& vantage of the short period of time dur- 
bridge, Massachusetts. ing which the concentration of the tar- 
get materials in the tumor is optimal.* 

« ; For certain studies, the thermal-neu- 
National Research tron beam should be as free as possible 

, from fast neutrons and gamma rays, 

S ‘ , , but for others it should be possible to 

Corporation : ~ obtain epithermal neutrons, or to in- 

clude a fission plate or other converter 

ine, providing fast neutrons or gamma rays 

“New Enterprises Through Research” . is mav be desired A separate but 
similar facility is. desired for animal 


studies and for testing proposed modifi- 


cations for patient irradiation. 
Different facilities are desired for cer- 
ofinvestigation. There 


tain other lines « 


for a broad-beam 


is & requirement f 
OF CARB facility to permit whole-body irradia- 
tion of large animals or of large num- 
en . bers of small animals, with neutrons of 
Various energies and with gamma ‘Trays. 
To help engineers working on gamma-ray o1 This facility would be used in studies 
X-ray shielding problems become familiar | °f the relative biological effectiveness 


with the excellent properties of Carboloy® | of the various kinds of radiation and in 


Hevimet, we are offering engineering | pre- and post-protection studies with 
samples to qualified individuals slow neutrons and heavier 

Hevimet is particularly efficient for shield- | resulting from neutron-capture reac- 
ing such high-energy sources as Cobalt" | tions. There will be an especially high- 


particles 


CARBOLOY HEVIMET 
ENGINEERING SAMPLE 


actuai size 
Dimensions: met’s half-layer value for Co is 0.334 The medical research reactor will not 
yy" x" «1 inches — about two thirds the thickness 


Iridium'®*, and 2-3 mev. X-ray units. Hevi- flux facility for microbiological studies 


Density if | j be used to produce those isotopes avail- 
' required tor lea 
16.9-17.2 gms/em3 This tun Tomy nickel 1] able from the Brookhaven National 
: “ne » te COT 7 , 
(50 greater than lead’s B CKE copper a Oy IS a 
11.34 gms cm3 


Co? half-layer value 
0.334 inches steel. It machines like gray cast iron 


strong as worked low-carbon steel and Laboratory research reactor or from 
twice as corrosion-resistant as 18-8 stainless other sources. However, the present 
plans include a facility for the produe- 
(40%-~more efficient To obtain your engineering sample of tion of certain spec ial isotopes having 
than lead Carboloy Hevimet, write today, on your | very short half-lives and for 


company letterhead. 


* For example, in the treatment of brain 
tumors by neutron-capture theray selec- 
tive irradiation of the tumor is achieved 

DEPARTMENT OF GENERAL ELECTRIC COMPANY ot because of selective uptake of the tar 
11130 E. 8 Mile Street, Detroit 32, Michigan get material, but because the uptake by the 


tumor occurs sooner than that by the nor 


which 


“Carboloy” is the trademark for products of the Carboloy Department of Generel Blectric Compeny 
t 


mal brain, so that there is a tranmen 
CARBOLOY CREATED-METALS FOR INDUSTRIAL PROGRESS aiceitieliie aitnaeaial 
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sotope tube 


Microbiological 
facility 


Isotope tubes 


Patient facility 


Sf 7 — we: } 
FIG. 2. Proposed arrangement of irradi- 
ation facilities with respect to the location 
of the reactor core 


Li ipplications are contemplated 
Elimination of other devices. Be- 
re the decision to request the medical 

research reactor was reached, a survey 

made (under contract) for the 
National Laboratory | 

Associates 


NDA) of means for meeting the Medi 


velopment 


Department’s radiation-source re 


rements Various accelerators and 


| sources were considered, but when 
of the parameters of expected pet 
versatility, safety, depend 


mance 
ty, operational simplicity, security 
fication and cost were analyzed 
the reactor emerged as being the most 
iitable instrument 


The Proposed Reactor 
Some features of the present design 
based on plans suggested in the 
rtinent NDA reports to BNL, while 
ers have been developed by BNL’s 
ictor operations, nuclear engineering 


irchitectural planning groups 

engineering details are not firm 
Core and reflector. The proposed 
tor will operate at power levels up 
Viw, will use “swimming-pool” type 
air-cooled 


plates, and will have 


hite as the moderator-reflector 
core will be light-water cooled 
The proposed reactor is shown in 
facility layout is in Fig. 2 
reactor core will contain the fuel 
nts ontrol rods, and cooling 
The control rods will be raised 
ve when the reactor is in 
The control-system design 
standard components that 
ts, will be like those used 
lge National Laboratory 
Facility (6 


reflector will surround 


y respec 
Oak Ri 

1iK Shie ling 
Che graphite 
core on all sides except the top 


lispose of the A*' generated in the 
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Westi 


Firat Vu 


Careers Unlimited In 4A 


limitless Field! 


Join WESTINGHOUSE in the 


development of 


research and 
nucleor reactors for com 
mercial power plants and for the propulsion 


of naval vessels 


ie: 


ao — = — = oe 
NEW FELLOWSHIP 
PROGRAM 
In conjunction 
with the University 
of Pittsburgh This 
new Westinghouse 
program 
qualified 
to attain 
and Ph.D 
on release time 


WHILE ON FULL PAY. 


enables 
candidates 
their S 


degrees 


‘ 


PHYSICISTS and MATHEMATICIANS 


Research in Applied Mathematics, Numerical Analysis 
& Digital Computing Techniques Relating to Nuclear 
Power Reactors; Experimental Physicists-—Research 
Studies with Nuclear Reactors; Theoretical Physicists 
for General Development Reactor Theory & Dynamics 


METALLURGISTS 


Basic Research in Physical Metallurgy, Corrosion & 
Radiation Effects on Metals, Applied Research & De 
velopment on Materials & Fabrication Processes for 
Reactor Fuel Components in Vacuum Induction Meet 
ing, Powder Metallurgy, Metal Working & Non 
Destructive Testing. 


MECHANICAL ENGINEERS 


Outstanding Opportunity in Mechanisms Design, Heat 
Transfer and Fivid Flow, Extensive Experimental and 
Supporting Work. 


NUCLEAR ENGINEERS 


Mechanical & Electrical Engineers with Analytical & 
Design Capacities to be Trained as Nuclear Engineers 


RADIO CHEMISTS 


To Perform & Supervise Analysis for Fission Products, 
Transuranic Elements & Other Activities 
SALARIES OPEN 


Ample housing available in modern sub 
urban community 15 minutes from our new 
plant. Ideal working conditions. Excellent 
pension plan. Education program. Health & 
Life Insurance. 


Send Complete Resume To 


MR. A. M. JOHNSTON 


WESTINGHOUSE BETTIS PLANT 
P. O. Box 1468, Pittsburgh 30, Penna 


nghouse 


rttomie Power 





cooling air, an exhaust stack adequate 
for disposal of the activated air arising 
from continuous operation at 1 Mw is 
planned, 
Experimental facilities. The shield- 
ing problems involved in providing a 
high thermal-neutron beam with rela- 
tively low gamma and fast-neutron 
fluxes at the patient treatment facility 
are still being studied. To meet the 
requirement for a means for varying 
the neutron-energy spectrum from ther- 
|}mal to about 8 kev, it is planned to 
interpose a device in which it will be 
possible to substitiite various quanti- 
ties of other moderators for the graph- 
ite. To control the radiation while the 
reactor is at power, a hydraulically 
Zinc Bromide in optical grade solution has been demon- Operated shutter will be provided as 
strated to be an effective answer to the problem of shielding | shown in Fig. 2. The entire patient 
viewing windows. Michigan Chemical Corporation, for | treatment facility essentially will be 
twenty years a quality producer of chemicals, offers a prompt 
supply of this compound. Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 
AEC specifications. testing proposed modifications. 
One of the remaining faces will be 


duplicated on the opposite face of the 


reactor for animal irradiation and for 


Write us for further information, 
and a reprint of an article from 
NUCLEONICS entitled, “Design sure facility. A movable neutron filter 
and Construction of Shielding and a device for producing fast-neutron 


used as the broad-beam animal-expo- 


Windows”. or gamma radiation will be provided. 


MICHIGAN CHEMICAL CORPORATION Reactor safety. For safety, it is 


expected that the entire reactor, treat- 





Saint Levis, Michigen . 
ment, and observation areas will be 


contained in a steel cylindrical tank or 
equivalent structure, and that entrance 
to the reactor building will be through 
air-locks. These safety features may 
be regarded as extra precautions. The 
maximum excess reactivity is expected 
to be kept so low that, in the worst 
possible accident, if all of the control 
rods are instantaneously withdrawn, 
the reactor power will rise slowly 
enough to give the safety mechanisms 
ample time in which to operate before 


Borax-3 : an abnormally high power level is ob- 
Fuel Element tained; even if the scram mechanisms 


fail, the resulting disturbances will not 


The Non-Political Atom attain damaging proportions. 


rhe atom or the neutron have no nationality. We are interested in 
the fabrication of fuel elements for use in the international Atoms for 
Peace program. The best way that we know to make progress in this The research upon which this article is 
vital program is to be able to sell industrial know-how and products based was supported by the U. S. Atomic 
freely in the international mart. Under the Bilateral Agreements, the Energy Commission 
Nuclear Products Division of the Metals & Controls Corporation 
desires to be of assistance to concerns in the United States or in 
other countries in the matter of fuel element fabrication and supply. BIBLIOGRAPHY 
From among the many types of elements, such as the Argonne | L. E. Farr, J. 8. Roberteon, and E. Stickley 
Borax-3 fuel element, for which Metals & Controls made the Proc. Nat. Acad. Sci. U. 8. 4@, 1087 (1954) 
uranium-aluminum containing fuel plates, we believe there will be a » L. E. Farr, W. H. Sweet, J. 8. Robertson, 
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Will this blot 
spread... 
or shrink? 


NOTHING STRIKES so brutally at human lives as a slum. 

Yet of America’s many millions of homes, the blot that 
is a slum covers more than | out of every 10 and 
nearly one-half of all our homes are urgently in need of 
repair and basic improvements. 

Will the blot go on spreading? Or will a concerted, na- 
tionwide attack on the causes of slums shrink it, year by 
year, until it is wiped out? Today, this is a challenge to 
every American... a challenge that must be met. 


Your community ... your problem! 


A slum reaches across blocks, across miles, to sit on your 
doorstep and demand a price 

You pay it in the threat of crime and juvenile delin- 
quency to your family. You pay the price in higher per- 
sonal property taxes to fight the disease and crime and 
poverty that are slum-bred. You pay personaily when the 
value of your home sinks as community deterioration 
takes another step closer. 

Your firm pays when the community where you do 
business goes downhill. Slurns automatically mean lower 
purchasing power and less effective labor. 


Good citizenship is good business 


It’s good citizenship and good business both for your firm 
to join efforts to check housing decay to stop slums 
before they start. In fact, it’s the responsibility of every 
business, as it is of every other good citizen, to support 


community improvement efforts. 
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Some slums are beyond repair. They should be torn down 
and a fresh start made. Others can be remodeled, made 
to conform to better living standards. So it is up to you 
to get behind every sound program which seeks to pro- 
vide adequate housing for all our people 

Adding your support to the efforts of the millions already 
attacking the problem, your firm can help stop slums cold 
and put America’s housing standards at a new height. 


How to get into action 


A group of Americans from every walk of life has formed 
a new, non-profit organization to help combat home and 
community deterioration — The American Council To 
Improve Our Neighborhoods ... A.C.T.1.0.N, 


Send for a free copy of “ACTION,” It explains what 
A.C.T.1.0.N. is and proposes to do. It also lists book- 
lets, research reports, check-lists, and other material 
which can help you protect the housing health of your 
community. Address P. O. Box 500, Radio ¢ ity Station, 
New York 20, N.Y. 


American Council To Improve Our Neighborhoods 
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FIG. 1. The critical control phase voltage 
is diminished by increasing either the con- 
trol circuit capacitor (either intentionally 
or by aging) or the motor load 


FIG. 2. With no load on the shaft, fora 
given-size capacitor in the control circuit 
and a given amount of leakage through 
this capacitor, there is a critical control- 
phase voltage below which the motor will 
not reverse 


How to Use Two-Phase Servomotors 


to Drive Reactor Shim Rods 


By D. R. WHITEHOUSE, F. W. BRAD. 
LEY, A. S. HOFFMAN, and R. C. REID 
M.1.T hice 

Oak Ridge, 


Schoo 


Engines ring Pra 
7 mr 


Although not presently used exten 
sively for driving reactor shim rods 
ordinary two-phase servomechanism 
untages of having 


tilabilits 


motors offer the ady 


moderate cost, read i and 


excellent braking characteristics (due 


to the armature’s low inertia) 


Preliminary experiments demon 
strated that 


two-phase servomechanism motors run 


under certain conditions 


from a single-phase supply with a ca 


pacitor in one of the stator winding 


fail to reverse direction when the stator 


leads are interchanged plugging 


Test conditions were not defined suffi 
ciently to predict when a motor would 
slid h 


or would not reverse lo enable 


predictions, experiment were made 
Diehl el 
ibility characte! 
load 


pacitor aging 


with several omotors to 
determine their rever 
motor pha e 


istics in terms of 


l or 


shift capacitor size, « 
leakage), and size of the control-phase 
voltage. 


Results 

The motors were run 
phase supply with one 
operated at a constant 
the second stator phase 


the capacitor in seri 


70 . 


winding) was operated with varying 


voltage. This latter voltage is referred 


to as the “‘control-phase”’ voltage 


Two important observations 
) 


and 2 which 


200-w: 


made in Figs. | 
for an SS-ZP-105-2212-1 
servomotor, 

These results do not give any indica 
tion of the proper choice of capacitor 
either for maximum efficiency or speed 
They merely indicate whether the given 
motor will reverse for a chosen value of 
The probability that the 


motor will fail to reverse is determined 


capacitance, 


by the probability that the operating 
shift to the 


point will nonreversing 


region 


Discussion 
The 


circuit impedance and rotor resistance 


relationship between control- 
will determine whether a positive sin- 
gle-phase torque may be developed in 
the motor With R 
Z = total control-phase impedance in 


rotor resistance, 


series with the equivalent rotor react- 
ance, and S = actual speed divided by 
fR> |Z 
no positive single-phase torque is devel- 
fR<iZ 


phase torque is developed fo 


synchronous speed, then (a 


oped; (b positive single- 


0<S <[l — (R?/|Z? 


Thus, servomotor rotors are designed 
with high resistance so as to eliminate 
single-phase operation. 

When a capacitor is used in the con- 
trol circuit to obtain the proper phase 
shift, the capacitive reactance must be 
added to the total control-circuit im- 
pedance. If this additional reactance 
is too large, the motor will be able to run 


Thus, 


tors a larger control voltage is needed 


single phase. for small capaci- 


to reverse the motor. A moderate in- 
crease in capacitor leakage will decrease 
the effective impedance of the control 
circuit so as to allow reversing action 
for an otherwise too-small capacitor, 
volt- 


single- 


The curves for zero control-phase 
e define the 
phase and stalled operation, and were 
But, 
for the 200-watt motor described here 


boundaries for 


obtained for smaller size motors. 


4 minimum control-phase voltage of 
10 volts was used because the motor 
had 


one direction even 


a tendency to run very slowly in 


with zero control- 


voltage and infinite leakage (shorted 


control winding 


Koopman Operating © 
of Two-Phase 


1J/EE 68, Part I, 319 


Servomotors 


1949 


Why Use Single-Phase Power Supply? 


There 18 some uncertainty 


concerning tie 


reliability of servomechaniam 


motors because of their reve rsing characteristics 


Reversing ordinarily vs carried out by interchanging the two stator phases or 


with a two-phase supply, by reversing the polarity of one of the phases 


In reactor control, the need for providing a two-phase 
Although the probability of phase shifting at the source is remote, such 


lage 
an accidental occurrence 


Thus 


ma dange TOUS condition 


would reverse all shim-rod motors 


8 ipply is a disadvan 


i would result 


ana 


the pha é relationship must be monuored 


Running each motor from a stable single-phase supply with a phase-shifting 


capacitor in ome of the stator phase : 


each shim-rod control motor would be independent of the others 


related only through lie need for power for ope ration 
, 


would be more acce plable 


In this case 


and would he 


Also, 


secondar 7 


emergency sources of single-phase power usually are more readily available than 


those supplying two-phase power. 


Consequently, in any proposal to use two- 


phase servomechanism motors to drive reactor shim rods, u is desirable to use a 


ain qle phase power suppl /. 
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An increase of load on the motor 
shaft is an increase of negative torque. 
Thus the required control-phase volt- 
age for reversal is reduced. With a 
given capacitor, the minimum allow- 
able control-phase voltage for positive 
reversibility is determined by the con- 
litions of no load and zero capacitor 
leakage. Thus, if the operating point 
is positioned in the reversible region of 
Fig. 1, the motor will reverse under all 
conditions of load and leakage and fail- 
ure probability is determined solely by 
the probability that voltage variation 
capacitor variation, or leakage will 
shift the operating point into the non- 
reversing region In reality, the two 
regions are not divided by a curve of 
infinitesimal thickness, but a band 
whose thickness is determined by such 
other variables as ambient-temperature 
variations and reference-voltage 


variations 


Thia note is abstracted from KT-200, Car- 
bide and Carbon Chemicals Company, Oak 
Ridge, Tenr The work was carried out as 
an Massachusetts Institute of Technology 
Engineering Practice School problem in con- 
junction with the reactor controla division of 


Oak Ridge National Laboratory. 


REACTOR FACTS 


10% of power from Calder Hall reac- 
tors goes to circulate CO, coolant. 
Since 70-75% of the pressure drop is in 
the reactors, modifications to the fuel 
elements and their fins could reduce 


the blower power required 


TEMPERATURE MAP of Hanford production 
reactor is obtained within minutes with aid 
of instrument that senses temperatures at 
rate of 3/sec. Analog-to-digital con- 
verter is first step; signal is translated from 
Brown recorder through coding switch 
shown above. Switch both controls auto- 
matic typewriter (Flexowriter) that prints 
data from “thousands of thermocouples” 
and it also codes digital signal into tape for 
later entry on IBM cards. Donald Stevens 
of General Electric's pile engineering unit 
developed the switch and the circuitry; 
Fischer-Porter Company supplied the Flexo- 


writer 
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HERE’S WHY: You can 
order in quantity and in 


a wide variety of sizes— 

and be certain of complete 

uniformity throughout. 

Our strict density control 

assures you thoroughly 

non-porous Teflon — Other diometers 
° on specification 

free from any flaws which 

might possibly affect 

your end use or product. 

Dimensions are accurate 

to your most critical 

, TYPICAL SIZES 

tolerances—no rejects, INCHES 

waste of material or loss 00. 1.0 

“or ’ 7) Ve 

of time. You get product “Vy 

purity — Teflon at its 

best in every one of its 


remarkable characteristics. 





Delivery is prompt—you 


Characteristics of Teflon 


ill ole aia aaa CHEMICAL 
want when you want it. Completely inert. 

Since the availability of ELECTRICAL 

4 a : a, Very high dielectric strength. 
Teflon, “John Crane Extremely low power factor. 
THERMAL 
Temperature range 
with Industry to successfully ~300° te + 500° F. 
solve innumerable problems and a 
: I 8 an Strong, flexible, weather 

resistant. 
Pring - LOW COEFFICIENT OF FRICTION 
benefit from their experience Absolutely non-stick. 


get the quantity you 


engineers have worked 


develop new applications. You can 
and know-how. * DuPont Trademark 


Request full information and ask for our bulletin, “The Best in 

Teflon."’ Crane Packing Co., 1849 Cuyler Ave., Chicago 13, ill. 
In Canada. Crane Packing Co., Ltd., 

617 Parkdale Avenue, N., Hamilton, Ont 


CRANE PACKING COMPANY 
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Materials for Nuclear Power 
Reactors 
By HENRY H. HAUSNER ond STANLEY 8 


ROBOFF (Reinhold Publishing Corp., New York, 
1955, xxxi + 224 pages, $3.50) 


Written at a level understandable to 
students executives 


reactor industry, this 


and new to the 
pocket-size book 
fills a need as an introduction to reactor 
Sut, because the explana 
tions are intended for the 
the depth of the 


lessens its 


materials. 
the novice 
general level limit 
volume’s usefulness and 
value to persons generally knowledge- 
able in the nuclear field 

The first five chapter 
the 


types, components 


introduce the 


reader to subject of reactors 
and general mate 
rials considerations. ach of the next 
six chapters explains a specific use for 
the fuels 
reflectors, coolants 


shields, and structural materials 


materials moderator nd 
element 


concluding chapter treats methods and 
| 
' 


control 


mndling and dis 


materials A 


equipment used for 
posing of radioactive 
listing of thermal-neutron absorption 
cross sections and a glossary make up 
the appendices 

More careful referencing and inclu 
sion of data available since the UN’s 
would make any 
this book of solid 
both to 


Geneva conference 
future edition of 
technical value newcomers 
and to: more experienced persons 
Although, as it stands, the book is 
well written and the explanations are 
quite clear, more liberal use of illustra 
tions would facilitate the reader’s grasp 
types, and 


of reactor fundamentals 


applications. 


Liquid-Metals Handbook 
Sodium-NaK Supplement 


CAREY 8. JACKSON, editor (U. S. Govern 
ment Printing Office, Washington, D. C., 1955, 
vil + 445 pages, $2.00) Reviewed by O. I 
Dwrer, Brookhaveu National Laboratory, 
Upton, New York 


The third edition of the Liquid 
Metals Handbook 
sodium and potassium-sodium alloys 
(NaK), whereas the two previous edi 
tions covered liquid metals in general 
This is because of the fact that since 
the second edition was published (June 
1952), a great deal of information has 


deals only with 


been obtained on, and relative to the 


handling of, Na and Nak, as a result of 
the development work 


72 


research and 


the Naval Reactors Pro- 
Information obtained on othe 


three 


done under 
gram 
liquid metals during the past 
years has been comparatively slight 
Whereas the had a 
total of 269 pages, the third has 445, 
It is felt that the book could have been 


shortened a bit by simply referring to 


second edition 


the literature on some of the less impor- 
tant details instead of discussing them 
at length in the text. Furthermore, it 
is felt that the article on flow character 
have been omitted, since 
the fluid dynamics of Na and NaK are 


those ol 


istics could 


no different from ordinary 
fluids. 

The “Liquid-Metals Handbook” i 
not really a handbook, i.e., a compila 
tion of tables and charts giving scien 
tific and engineering information, but a 
collection of articles by experts in their 
fields on those subjects of interest to 
the 


engineering 


engineers concerned with design 


and equip 


ment for handling liquid Na and Nak, 


operation of 
There are 30 separate articles by 51 
authors arranged into six chapters 

Properties, Fundamentals, System De 
sign, Components, Safety and Fire Pro- 
tection, and Applications—each having 
its own editor. 

Owing to the fact that the Handbook 
is a collection of separate articles, some 
topics get treated in two or more places 
with the result that some get too much 
others do not get 
enough. the book as a 
handbook thi 
There is also some unnecessary duplica 
Moreover, a deal 
cross-referencing would have been de 
the heat 


attention while 
The value of 
suffers because of 


tion, great more 


sirable. For example, in 
transfer section of Chapter 2, there is 
less than half a page devoted to the im 
portant problem of estimating shell 
side coefficients for shell-and-tube heat 
exchangers; while in the chapter on 
( omponents there mover n page devoted 
to this same subject, each section mak 


When 


the whole subject is not presented in 


ing no reference to the other 


one section, it is likely that some par 


ticular topic may be inadequately 


treated. For example, the reviewer 
felt that perhaps the bridge between 
heat-ex- 


changer construction was possibly not 


heat-transfer theory and 
given sufficient consideration. 
Also, owing to the multiplicity of 


authorship, some sections are naturally 


better than others. Among 


the particularly well written sections, 


written 


in the opinion of the reviewer, are those 
on chemical and physical properties, 
thermal stress and thermal-stress fa- 
tigue, heat exchangers and steam gen- 
erators, and instrumentation. 

The book presents much more infor- 
mation on all phases of the science and 
technology of Na and NaK than was 
On the 


basic side, for example, the amount of 


given in the previous edition 


space devoted to «¢ hemi al and phy sical 


properties increased three-fold, while 


on the applied side, space given to in- 
ormation on the performance of engi- 
neering components and operating 
techniques increased even more. 

In liquid-metal technology, the prob- 
lem of heat-exchanger design is a very 
critical one. Consequently there is a 
deal 
transfer and heat-exchanger 
ance in the third edition than in the 
first Moreover 
presented, although it is felt that the 


omission of the table of physical and 


great more information on heat 


periorm- 


the material is better 


thermal properties in engineering units 
from the third edition is a mistake. 

Since most of the data and informa- 
tion presented were obtained in connec- 
tion with the Naval Reactors Program, 
they pertain specifically to certain defi- 
nite mechanic al designs and operating 
conditions, and therefore, to some ex- 
tent, do not have general applicability. 
lor example, much of the heat-transfer 
information was obtained on submarine 
prototype units instead of an exchanger 
designed for the purpose 

There are several small errors and 
misprints in the book, most of which 
are obvious and evidently due to tran- 
scription from original manuscripts, 
which would undoubtedly be eliminated 
in a second printing. 

The science and technology pertain- 
ing to Na and NaK are very extensive 
subjects. Although an impressive 
been 
cumulated still 
pressed by the fact that a great deal 


amount of information has ac- 


thus far, one is im- 
still remains to be learned. 

A very valuable feature of the book 
is the inclusion of extensive reference 
lists at the ends of the separate articles. 

In spite of the minor criticisms given 
above, the handbook presents a lot of 
valuable information on all of the major 
subjects and topics pertinent to the 
handling of Na and Nak. It will bea 
most valuable reference for engineers 
engaged in the design, construction, 
and operation of equipment for use 


with these liquid metals. 


December, 1955 - NUCLEONICS 





BOOKS RECEIVED eo 
ca SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


Nuclear Radiation Detectors, by J 
Sharpe John Wiley and Sons, Ine 
New York, and Methuen and Co. Ltd 
Lond 1955, 177 pages, $2.50 To 
he 


Principles and Applications of Physics, 
by Otto Blah (Interscience Publishers 
In New York, 1955, xiv + 866 pages 
7.00 his book is written for stu 
f the sophomore or higher college 
It gives a comprehensive view 
S1Cs history philosophy and 
nentals of classical and modern 
ind can serve as a final text 
students specializing in other fields 
phys 
Niels Bohr and the Development of 
Physics, edited by W. Pauli (MeGraw- 
Hill Book Co., Ine., New York, 1955 
195 pages, $4.50 This collec 
fessavs by outstanding physicists 
dicated to Dr. Bohr on his seventi- 
rthday It summarizes the great 


elopments in 20th century physics 


Atomic Energy Research at Harwell, 
by K. Fk. B. Jay (Philosophical Library, 
New York, 1955, xii + 144 pages 
Chis book describes the work 
the Atomic Energy Research 
ishment at Harwell in the period 
o4. Security-regulations changes 
more detailed discussion than 

viously possible in “ Harwell 
sritish Atomic Energy Research 


hment . 


Reflections of a Physicist, 2nd edit., by 
P. W. Bridgman (Philosophical Library 
Ir New York, 1955, xiv + 576 pages, 
$6.00 The bulk of Bridgman’s non- 


technical writings are contained in this 


Prospecting for Atomic Minerals, by 
Alvin W. Knoerr and George P. Lutjen 
raw-Hill Book Co., Inc 1955 

211 pages, $3.95). This practical 
lhook for the prospector tells how 
letect and recognize uranium ores 

it are the best types of detecting 
truments, how to stake a claim, and 


to evaluate and seli the ore 


Static and Dynamic Electron Optics, 
P. A. Sturrock (Cambridge Uni 
ty Press, New York, 1955, x 

$5.50 This book is concerned 

the various applications of 
irged-particle focusing The first 

t, ‘‘static”’ electron optics, is impor 
tant in electron microscopy and spe¢ 


trometry. The second part dy- 
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Servo Motor Control System 


Most engineering ingenuity concentrates not on basic prin ipl s 
which are relatively simple, but on the fine details that make the 
difference between good and poor design, between high and low cost 


or between efficient and inefficient component arrangement, For 
instance, the motor control system patented by the Ford Instrument 
( OMpany The purpose ol the system is to provict a Sensitive control 
vstem to make an induction motor respond accurately to a relatively 
small reversible input signal. This system employs saturable-core 
transformers to combine the sensitivity of vacuum tube amplifiers 
with the high power-carrying capacity of saturated-core devices 
This also facilitates the problem of matching the motor impedance 
with that of the amplifier 

In the circuit shown the first pair of tubes act as a phase inverter 
with the control signal applied to the grid of one inverter tube. The 
feedback signal, produced by a d-c generator coupled to the con 
trolled motor, is applied to the inverter tube. The output of the 
inverter is the signal of the servo loop. The second pair of tubes acts 
as a driver-stage for the saturated transformers that supply one 
vinding of the controlled two-phase induction motor; the other 
motor winding is connected to the power line 

lhis is typical of the things Ford engineers do every day. If 

ut have a control problem it will pay you to talk to the Ford 
Instrument engineers. 


(@ FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenve, Long Island City 1, N. Y 


ENGINEERS 
of unusual abilities con find a future of FORD INSTRUMENT COMPANY. Write for information 
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Powerplant for the Electric Utility Industry. 


Experience in any of the following fields desirable: 
© Chemistry of Uranium Solutions and slurries 
© Homogeneous Reactor Technology 
® Reactor design and analysis 
® Instrumentation and control 

© Mechanical Design cand Analysis 
® Heat Transfer and Fluid Mechanics 

© Mechanisms and Servos 


Westinghouse COMMERCIAL ATOMIC POWER 


POREST HILLS © BOX 355 © PITTSBURGH 30, PA. 














INVEST IN 


ATOMIC SCIENCE 


through a MUTUAL FUND 


ATOMIC DEVELOPMENT 
MUTUAL FUND, INC. 


is designed to provide a managed 
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Visit our 
Booth #627 
Cleveland 
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Dec. 10-16 


investment in a variety of 
companies participating in activities 


resulting from Atomic Science. 


GET THE FACTS AND FREE PROSPECTUS 
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namic’’ electron optics, is important 


for particle accelerators. 


Boltzmann's Distribution Law, by E. A. 
(juggenheim (Interscience Publishers, 
Tre New York, and North-Holland 
Publishing Co., Amsterdam, 1955, 61 
pages, $1.50). This book is written for 
undergraduate students of physics and 
chemistry. The dependence of the 
equilibrium properties of bulk matter 
on temperature is derived by means of 


the law. 


Atomic Physics, by Gaylord P. Harn- 
well and William E, Stephens 
MeGraw-Hill Book Co., Inc., New 
York, 1955, x + 401 pages, $8.00). 
This volume of the International Series 
in Pure and Applied Physics is written 
for first-year graduate students. Im- 
phasis ison those quantum and classical 
concepts that characterize the physics 


of elementary part les. 


Circuit Analysis by Laboratory Meth- 
ods, 2nd edit., by Carl E. Skroder and 
M. Stanley Helm (Prentice-Hall, Inc., 
englewood Cliffs, N. J., 1955, xvi 4+ 376 
pages, $5.75). Additional material in 
this new edition is on oscillographs, 
nonsinusoidal periodic waves, filters, 
magnetically coupled circuits, and net- 


work theorems 


Classical Electricity and Magnetism, 
by Wolfgang K. H. Panofsky and 
Melba Phillips (Addison-Wesley Pub- 
lishing Co., Ine., Cambridge, Mass., 
1955, xi + 400 pages, $8.50). This 
book serves as background for the 
study of experimental physics and the 
quantum theory. Theory is developed 
from an empirical basis rather than by 


postulation and logic, 


Handbook of Engineering Materials, 
edited by Douglas F. Miner and John 
B. Seastone (John Wiley and Sons, 
Ine., New York, 1955, xi + 1124 pages, 
$17.50). This handbook serves as a 
single source of data on manufacturing 
and construction materials. Offering 
i wide variety of material, it cannot 
cover specifie topics exhaustively. 
here are four sections on general in- 
formation, metals, nonmetals, and con- 


struction materials 


Chimie Physique Nucléaire Appliquée, 
by Jacques Errera (Sciences et Lettres, 
Liége, 1955, 226 pages). The first sec- 
tion of this book is a general discussion 
of the atom, the nucleus, and nuclear 
reactions. The second part contains 


the physical-chemical applications of 
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lear radiation, together with the 


lecessarv tec hniques, 


ALSO OF NOTE 


Nuclear Physics... This new monthly M l Ss Ss ! a, Ee 


scheduled for Nov. ’55 publica- 
devoted to experimental and 
oretical nuclear studies, nuclear 
is nd fundamental aspects of 
mic radiation. It is tentatively SYST Ee M cS 
nned to have a 700-page annual vol- 
lime L Rosenfeld 1s editor Sub- 
ription rate is $15.00 per volume 
stage free Vorth-Holland Publish- 
nq Co Amsterdam (U. S. distributor PHYSICISTS 


Interscience Publish re In Veu } ork 


The Atom in Our Hands. This 44-page 
.oklet describes some of the work 


being done at Oak Ridge National 


Research and development in the technology of 

guided missiles is not confined to any one field of 

physics. Broad interests and exceptional abilities 

bide and Carbon Corp., Room 308, 30 I are required by the participants. Typical areas at 
31 New York 17. N.Y. Lockheed Missile Systems Division include: 


iboratory—separation of uranium- 


135, radioisotope production and appli- 


tion, and reactor design ('nion Car- 


Radiation Hazards in Firefighting. @ Neutron and reactor physics 


Phis pamphlet (Te a Bulletin No @ Advanced electronics and radar systems 
t of the Safety and Fire Protection - , 
Drench 1G. Abemis Cacecy Comaie. @ Applied mathematics such as the numerical 


is written for the firefighters at solution of physical problems on complex 
energy installations and for computers 


cipal firefighters who may encoun- 


Analytical systems analysis of guidance and 
control problems 


situations where industrial radio 
ity isa hazard. It is confined to 

wetime hazards. Superintendent of Ballistics and the integration of ballistic type 
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TECHNICAL ADVANCES____ 


Separating Fission If fission takes place in a fuel grain smaller than the 
Products, U, by Recoil range of fission products, the recoiling products will 
separate completely from the parent material. This 
t, used in early experiments on fission but largely neglected since, may form 
basis for a practical separation scheme. 
he minimum range of fission fragments is about 1.9 cm in air or 8 microns in 
O,. Richard Wolfgang, working in Brookhaven’s chemistry department, pre- 
ured U,Os particles under 1 micron in diameter by grinding and sedimenting. 
ese were then suspended in a 3% gelatin solution and the whole chilled to main- 
the particles in suspension (they tended to settle out of water suspension). 
he suspended fuel was then neutron-irradiated in the center of the Brookhaven 
ctor. After irradiation the gelatin was liquefied and the solid U,sO, grains 
parated from the solution. Essentially all of the fission-product activity was in 
gelatin, none was left in the fuel grains, which showed a pure U***-Np*** 
tivity 
rhus one has a means of preparing pure actinide activities and carrier-free gross 
ion products. More importantly interest has been stimulated in reactor fuel 


hemes that permit physical separation of fission products from the fissile mate- 
{ case in point are the fluidized-fuel designs of Went and de Bruyn (NU, 
ept. 54, p. 17). 

i 


Proportional Counting Proportional counter action with gas amplifications in 


at 1-mm Pressure excess of 10‘ at counting-gas pressures under 1 mm of 
mercury has been achieved by R. E. Zedler of ORNL’s 

nstrumentation division. He used both isobutane and amy! acetate as counte! 
gases; good results were obtained with each. A wide variety of anode diameters, 
m 0.003 to 0.250 in. were employed, with brass cathodes of 1455/6 and 24%» in, 

d. Voltage required is of the order of 400-900 volts, depending on counter 


mensions 


Fast Scale-of-Ten Vacuum scaling tubes are being investigated in several 
Vacuum Tubes laboratories as a potential competitor for ordinary 
tubes in fast multistate operation. Glow-transfer gas 
charge tubes have become increasingly popular for decade sealing, but, as is 
vell known, they suffer from an inherent upper-frequency limit due to deionization 
me requirements. Thus, in an investigation at ORNL, H. N. Wilson found 
pper limits of 10 and 40 ke for the Erricson GC-10B and GC-10D types, respec- 
tive and 100 ke for the Philips E1T. But even this is too slow for many 
quirements 
Using the vacuum-type Burroughs MO-10 as the input decade, Wilson was able 
construct a scaler having 0.5-useec resolving time. The succeeding two stages 
ise GC-10/4B glow-transfer decades with 12AU7 drivers. Maximum repetition 
rate at the input is 20,000 pulses/sec, limited only by the mechanical register 
Beam-switching tubes (and related scaling types) are being pursued in several 
boratories; commercial versions are the National Union LBS-10 and Haydu’s 
6700 (MO-10) and protetype DC-1R. This last is a decade-scaling tube with 
nternal spade resistors, bringing maximum speed above 5 m«¢ Also available is 
the l-me H-B101 whose 22-voilt operating voltage suits it to transistor circuits 
Taken with new secondary emission multipliers, pulse-height-analyzing tubes, 
merical indicating tubes, etc. it appears that nuclear electronics may see some 


il changes in the years ahead 


Russian Accelerator At Geneva Russia’s V. I. Veksler gave an evening 


Men Look to 10!” ey lecture on their accelerator program He revealed 
that construction is almost completed on a 10-Bey 


ton synchrotron. This would be the world’s largest until projected strong- 
ising machines at Brookhaven and CERN are completed. Looking ahead, he 
nted out that, with existing limits on magnetic materials, energies above 
0-100 Bev could not be achieved with known types; still he felt that ways would 


be found to reach 10" ey. 
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RADIUM-BERYLLIUM 
RADIUM D-BERYLLIUM 
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Soldered in monel or brass 
right cylinders. Shipped in 
lead in the case of Radium- 
Beryllium sources, and with 
paraffin moderator on all 
sources. Rapid delivery. 
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All natural radioactive 
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Patents. 





Tungsten shield Hollow oxle 


A , 


Tungsten shutter 





Auxiliary source container 


7 


Source 


Source caps holder 








FIG. 1. 


Radioactive-Source Holder 


According to John ( 
Albert 
iussigned to Tracerlab 
shield 

the 
radiographic or therapeutic sources 

The 


heam-forming unit and a 


Pennock and 
2,711 


their radi 


J sacchieri { 185 


Ine 


ation and collimator (Fig. 1) 


ivoids disadvantages of similar 


device consists of a spherical 
shielded con 
tainer for transferring the source to the 
A cylinder contains the source 


Aft 


it is inserted in a 


phere 


between two shielding plugs 


the cylinder is loaded 


hole in the transfer container, and then 


Radiation-beam-forming shield and transfer container 


pushed with a ram into the sphere. 
is contained in 
The 
The 


beam slot opens into the sphere and 1s 


The source cylinder 


the hollow axle of the sphere 


ends of the axle serve as trunions 
closed by a shutter (the shutter mecha- 
nism is described in a pending patent 
application 

This 
power failure since the source does not 
have Direct 


transfer from container to shield 


unit avoids the hazards of 


to be shifted during use. 
does 
the source in an 


having 


not involve 


unshielded position 


Radioactive-Labeling Method for Solid Objects 


In preparing solid objects for wear 


studies involving radioisotopes, neu- 


tron irradiation or fabrication from a 
radioactive material are often imprac 
The attendant 


radioactivity would be unsafe 


ticable amount ol 
or cause 
excessive expense 
Carroll L. Knapp, Jr., and James | 
Black suggest in U. 8S. 2,711,484 (as 
signed to Esso Research and Enginee: 
ing Co.) depositing a radioactive layer 
component to be 


on the object or 


tested Then heating the labeled ob 
the melting 


the 


ject to a temperature helow 


ind of radio 


point ol the object 


active layer accelerates diffusion 


After diffusion to a suitable depth, the 
layer can be separated 

The particular application discussed 
is the corrosion of lead bearings in 
Previ- 


the 


internal-combustion engines 
this 


engine and finding the weight loss of 


involved dismantling 


OUBIY 


the bearing It is now possible to 


lead-radium D film on 
Alter diffusion 
ing can be restored to its original sur- 

the 


The bear ing 1s 


electroplate a 
the bearing the bear- 


face by machining or reversing 


electroplating process 
installed in the engine, and the wear is 
determined b the amount of radio- 


tivity appearing in the oil. 


Radioactivity Detector for Bore Holes 


issued to Shells 
lest 
Well Survey 


an apparatus for 


U. 8. 2,702,352, 


Meyer J 


to Schlumberge: 


Krasnow and and as- 
signed 
ing Corp., describes 
measuring and recording radioactivity 
various depths \ 


G-M or pro 


in bore holes at 


counting element, e.g 


and 


within a 


portional counter, and amplifier 


powel! supply are contained 


narrow, shock-resistant cartridge ca- 


pable of being lowered into a bore hole. 


The cartridge is suspended in the 


bore hole by i multiconductor cable 


conducts into it and re- 
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that 


energy 





ceives responses from it. The cable 
asses over a wheel that records the 
depth of the cartridge. The cable can 
be reeled or unreeled by means of a 


drum that has slip-ring connections to 


electrical rectifving, filtering, and re- 7 


rding equipment 


Monoenergetic-Charged- 
Particle Generator 





Nerereaat: : 
WWW 
; 
ass 44 
eS + 
| 


i 
4 Accelerating 
| electrode 





Collecting 
electrode 


Wehnelt 
chomber 











FIG. 2. Charged-particle generator 


General Mills Mechanical 


Arm in use at the Naval 


Research Laboratory Official U.S. Navy Photog aph 


Remote handling of 
materials is performed 


radioactive Continuously variable power 
safely and and speed controls are easily mas- 


easily with the General Mills tered and eliminate many of the 


Mechanical Arm. 
This versatile unit 


restrictions found in hand-powered 
duplicates or position-controlled mechanisms 


any motion of the human hand FULL DETAILS on the Mechanical 
and arm; it can assemble and dis-" Armare yours for the asking. Write 
assemble complicated machines, to Dept. N-4, Mechanical Divi 
lift as much as 750 pounds, handle sion of General Mills, 1620 Central 


delicate objects 


Ave., Minneapolis 13, Minn, 


U.S. 2,709,229, isued to Emnest G. a@eCHanicaL ommsion oF General Mills. Inc. 


Linder (assigned to Radio Corp. of 
America), describes a monoenergetic- 
charged-particle generator, utilizing 
radioisotopes, that can be applied to 
terilizing materials (see Fig. 2 
Charged particles emitted by the 
thermionic cathode are focused into a 
beam by a Wehnelt cylinder and pro- 
ected through an accelerating elec- 
nde The outer surface of the latter 
coated with a radioactive charged- 
particle emitter. The desired oper- 
iting potential and type of radioactive 
iterial determine the value of the 
tor connecting the accelerating 
electrode to cathode potential. Aeccel- 
erator potential is controlled by leakage 
through the resistor. The radioactive 
emission is collected on the collecting 
xle 
If a beta emitter is used, the acceler- 
r-electrode potential is positive 
th respect to the cathode. The 
potential becomes constant when the 
current through the resistor reaches 
juilibrium and provides a mono 
rgetic electron beam For a posi- 
charged beam, an alpha emitter 
the accelerating electrode creates a 
e potential 
eacriptions are based on abatracta 
by Melvin Nord, Registered Pro 
sional Engineer and Patent Attorney 
Detroit, Mich 
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Labeled-Compound Suppliers 


When looking | . LO ISO VOT AEC Forms Needed i l-pe ia These can be pure hased 


tracer probabl 

start is the Oak Ridge catalog rhe prospective user must submit 
price list (Union Carbide } a) form ALC-313 to the AEC, Isotopes 
Ouk Ridge Nat wren te Div., Box E, Oak Ridge, Tenn Pur 


tadioisotope Sales Dept., Be : pose is to assure that isotope will be 


directly from the California Founda- 
tion for Biochemical Research (6) o1 
Fischer Scientific Co 9) without 

ALC license If minimum activ- 


fel , ity allowable is raised, then same price 
tidge Tenn " i , Used salely, pon tavorabie action 1. a> hie well 

il apply to vials containing the new 
are listed the radioisotoy rid Ale will issue form 374 whicl PI 


ORNL In genera two form . licenses the customer to buy the 


available: irradiated unit - . material Phe original cCOpy 


rninimum 


unprocessed irradiated tars " must accompany all orders, whethe Stable Isotopes 

rials; and processed dioisotoy to private suppliers or ORNL \ 

which are purified an ‘ ad tivities greater than | we must be Also listed are enriched stable iso- 

solutions licensed, Two firms supply a variet topes that can be used as tracers. 
Prices for these isotop :, f C'*-labeled compounds at $15 for Stable Isotopes Division of ORNL 


lowest. For example 





has 5-20 me/mil, anal | ; 
een ‘ : Deuterium-Labeled Compounds 

costs $0.75/me Pros iN 

for $2.00) me Proc 

barium carbonate, a 

e/gm of carbon, It Compound 

But in many case 

uncompounded isotopes are ne | Acetylene 

for tracing. At thi DO | Sodium acetate 

should consider the ' of Methane 

the compound he war rom a Methanol 

Methyl bromide 

Methyl iodide 


Sodium malonate 


mercial supplier 
NUCLEONICS ({ULZZ 


suppliers of labeled Deuteroparaffin 
ethanol 
pounds are hown { enc! Paraldehyde 
category, compound 


assemble these 


Kthylene bromide 
biological interest ar own a ethylene 

end. Each supplier ha en Ammonia 

signed a number v1 ' Ammonium bromide 
Suppliers of the nund ar Ammonium hydroxide 
listed in numerical « y Ammonium nitrate 


Prices. 1 he pric Ammonium jtodide 


Ammonium phosphat: 
the high an | low at foty 
we | a Ammonium sulfate 


pound, for the first Heavy water* 


Usually, orders for Deuterium bromide 
enjoy a sharp reduct Deuterium chloride 
me The suppli Deuterium iodide 
chance to bid on specific quantitic Deuterium phosphat 
a specific compound | ) Deuterium sulfide 
quote on compounds not f Sodium hydroxide 


Specific activity . Sulfurie acid 


compounds are sold at | rtiir ( * Water is sterile 


ncetivity This is usua ble f ther heavy-water sup; 


Aper inl requirement 
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Special Report 


ns enriched stable isotopes of many 
ements, for a $50 service charge. 


he ORNLecatalog lists these. Stable 


otopes listed in this report can be 


ight commercially. 


Copies of thia survey 


be 


obtained from 
NUCLEONICS 
York 


at 10 centa each, can 
Reprint Department, 
Weat 42nd St., Neu 


Wee 





Carbon-13-Labeled Compounds 


fompo ind 


Barium carbonate 
Potassium cyanide 
Methanol 

Methyl iodide 


Price 


S/qm ¢ 


210 
370 
360 


135 


containing 


Supplier 








Nitrogen-15-Labeled Compounds 


(Compound fiom % N™ (8 
Ammonium nitrate 
NH, radical 
enriched 
acid 
> 2M 


Potassium nitrate 


Nitri 


Potassium phthalimide 


Price 
qm \ 


140 
225 
335 
270 
390 
270 
390 
245 


$70 


Quantity containing 
l am of N 


qi Supplier 


Sl 


{/om Vinimum orde 
Vis qm Supplier 
Nitrogen 0.1 
Ammonium chloride 0.1 
Ammonium hydrox- 
ide* 
Urea-1, 3-N 
L3-N 
{, eine 


Barbituri 


acid-| 
ov 
40 
\ 


Uramuil-l, 3-N 0 
ric acid-1, 3-N 30 
29% solution price 


* Supplied as 


per gm « 
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Labeled-Compound Suppliers 


1. Abbott Laboratories 
Oak Ridge 


Tennessee 


Atomic Energy of Canada, Ltd 
Box 93 
Ottawa 


Ontario, Canada 


Baker & Adamson Products 

General Chemicals Division 
Allied Chemical & Dye Corp 

10 Rector St., New York 6, N.Y. 


Bio-Rad Laboratories 


SO0 Delaware St., Berkeley, Calif 


Bjorksten Research Laboratories 
P. O. Box 265, Madison 1, Wis 


California Foundation for 
Biochemical Research 
3408 Fowler St 
Los Angeles 63, Calif 


California Radiochemical 
Laboratory 
7749 Beleom Ave 


Reseda, Calif 


Distillation Products Industries 
Kastman Organi 
Chemicals Dept 


Rochester 3, New York 


Fischer Scientific Co 
709 Forbes Ave 
Pittsburgh 19, Pa 
Charles 
Box 247 
Montreal 


Frosst & Co 


Canada 


Isotopes Specialties Co 
703 8S. Main St turbank, Calif 
Merck & Co., Inc., Chemical Div 
Rahway, New Jersey 
Nuclear 
Chemical Corp 
223 W Chicago 10, Ill 
Orlando Research, In 
Box 6491, Orlando, Fla 
R-C Scientific Instrument Co 
407 Culver Blyd 
Playa Del Rey, Calif 


Instrument and 


Icrie St 


Research Specialties Co 
1148 Walnut St 

Berkeley 7, Calif 
Schwarz Laboratories, In 
230 Washington St 


Mount Vernon, N. ¥ 


Technical Operations, Inv 

6 Schouler Court 
Arlington 74, Ma 

Tracerlab, Inc 

130 High St., Boston 10 

Volk Radiochemica!l Co 

5412 N. Clark St 
Chicago 40, Ill 


\l ase 











Industrial Process Tracers” 


Tracer and forn 


J n water (a 
Co" napthe nate 
Bh'** triphenylatil 
I'*! ethyl iodide 
methyl bror 
in particle 
140° | 
Ir'*? in same 
Zr?’-Nb® in al 
fractory pellet 
Co in bead 
Bein partich 
1,400° I 
Ag! in colloid 
Co in colloid 


* Supplied by 
Boulevard, Houst 
t Also sold by Isotope 





Radioactive Compounds 
( ompound 


CHROMIU M-5! 
Sodium chromate 
Sodium chromate 
Sodium dichromat: 
Chromic acid 

Chromic chloride 
Chromu oxide 

Red-cell solution O10 


COBALT-H0 
Vitamin B-12 


IODINE-151 


Amy! iodic 
kithyl iodide 
Methyl iodice 
lodine 
lodinated oil 
lodoform 
Lauryl iodide 
Sodium iodide 
Oleie acid 
Olive oul 
Stearyl iodide 
Compounds of 


medical inter 


PHOSPHOROUS 
Chromic phosphat 
Disodium phosp! 
Diisopropy! 
fluoropho pho 
nate 
Phosphoru 
oxychlorice 
Phosphorus tri 
bromice 
Phosphorus tri 
chlorid 
Vhosphotungsti 
acid 


Sodium pho pl it 
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Compound 


PHOSPHOROUS 

Pricre | pho 
phat 

Priethy!l phosphate 

Ir phenyl pho 
phate 


ugar phosphates 
SULFUR-35 
Carbon disulfide 
Dibenzy! disulfide 
( tine 
kth | mere iptan 
LA slutathions ] 
l-M ethionine 
Penicillin-G 
Phenothiazine 
Potassium ethyl 
kanthate 
im thio 
eyvanate 
Sodium bisulfite 
Sodium sulfite 
Sodium ilfate 
Sodium thiosulfate 
inner Ss 
iter S 
Sulfur dioxide 
Phioaceti« acid 
Phioglycolic acid 
Phioures 


jucteria and yeast 


PRITIUM 
Water 


Anthracene 
jenzene 
Methanol 
Methyl iodide 


Sodium acetate 


MISCELLANEOUS 
Caleium*® chloride 
chloride 
im chloride 
wetate 
’ chloride 
citrate 
fate 
1'98 colloid 
chloride 
im? chlorice 
hloride 


inate 


Simple Con 


( l 


$2 (Cont 


150 


PH 


10-200 
i” 


20) 


ipounds 


yf) ") 





Ss spplue Ts 


210 13 
105 16 

1 
75-100 3, 4, 8, 13, 
14, 16, 
19 
4,11, 
14, 16, 
19 


1LOO-140 3 


Hydrocarbons 

Acetylen 150 1] 
Alkane 

itom 550 1] 
Alkanes 160 13 
Aniine-t 00-650 
Aniline-1 700 
p-aminodi 

aniline 1,500 18 
Benzene 600 - 3 
Chlorobenzene-]! S00 3, 13, 19 
Butane-| 150 ia 
thane-1,2 375-400 11,14 
thylene-1,2 200 11 
Heptane-4 500 1 
Hydroquinone 1,700 18 
Isobutane-2 700 1] 
Methane 325-350 11,14 
Napthalens 650 13 
Phenol-|! 800 3, 19 
Propane-2 125-475 11,14 


Poluene-1 500 3, 13, 19 


ne 


Acetylene and Ethylene Derivatives 
Acetylene-1,2 (2)* 150-165 3, 4, 19 
Acetylene-2 150 13 
Kthylene-1,2 (2) 245-275 3, 4, 16,19 
ethylene bromo 

hydrin-1,2 (2 350 2. i 
ethylene glycol-1,2 0 3,11, 19 
Kethylene oxi 
2 100-400 3, 4, 11, 

16, 19 
Vlaleic anhydride-2 SOO) 3, 19 


Stvrene-& 600 3, 19 
Trichloroet! 


600 3,19 
Aldehydes and Ketones 


1] 
14 
‘O00 8, 11, 13, 
14, 16 
375 3, 8, 11, 
13, 16, 
19 


1 
75 3, 8, 11, 
14, 16, 
19 
50 11, 13 


hesis indicates the 


tions per molecule 
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Lom pound £ mc 
I 


Alcohols and Their Derivatives 


350 3,19 
300 «3,19 
250-300 3, 4, 8, 16, 
19 
350 3,8, 19 
400 ia 
$20 13 
250-300 3, 4, 8, 11, 
13, 14, 
16, 19 
120 4, 8, 13, 
16 


Acetophenone-7 
Amvl-l-aleoho! 


Benzvl-7-aleohol 


tenzvl-7+ hloride 
sutanol-l 
Cetvl-1 aleohol 


Ethanol-1 


319 


1,2 
325 11 
300-350 3, 4, 8, 13, 
16, 19 
iodide-2 125-475 3, 4, 13, 
16, 19 
325 11 
360-550 11, 13, 16, 


iodide-1,2 (2 
Glycerol-1 
lrimethylene 
350 41 
120 8613 
150-200 3, 4, 8, 11, 
13, 14, 
16, 19 
235 3, 19 
190-325 3, 4, 8, 11, 
13, 16, 
19 
M vrist yl-l-aleohol 125 13 
Naphthal-! 700) «13 
2-Naphthal-8 725 13 
Propyl-1 alcohol 300 8 
Propyl iodide-1 16 
Propy! iodide-2 16 
| oprops ] iodide 
1,3 350 13 
sopropyl-1 aleoh | 375 11 


giveol-] 
Lauryl-1 aleohol 
Methanol 


Methvl chloride 


Methyl iodide 


325-350 8, 13 
300 8 
120) 13 


»v1-2 alcohol 


ilcohol 


Acids and Their Derivatives 


9 acid 


10-135 4, 16 
245 4 
125 14 
105-150 3, 4,8, 11 
13, 14,. 
16 - 
tate 225-250 3, 4, 8,11 
13, 14, 
19 


inl dride 


] etate , 


170 4 
125-250 3, 14, 16, 
19 
lacid 225-275 13, 16 
Zacid 250-300 13, 16 


[80-225 ll, 15 


Supplvers 


Compact, convenient, accurate 


Operates on a single flashlight cell 


Weighs only 2 pounds 


Beta or gamma by twist of a knob 


Two ranges:0-25 mr/hr, O-1 r/hr 


Accessories to multiply or divide 
both ranges by 10 


Curtiss-Wright 
RADIAMETER 


The Curtiss-Wright Radiameter is a 
radiation survey meter designed especi- 
ally for health physics and industrial 
hygiene applications. Using a unique 
inverted triode circuit, it performs func- 
tions usually requiring two instruments. 
The lower scale provides high sensitivity 
for decontamination monitoring. The 
high scale measures stronger radiation 
fields usually requiring an ionization 
chamber type instrument 

Where other radiation survey meters 
require several expensive and hard-to- 
find batteries, the Radiameter is powered 
by a single inexpensive flashlight cell. It 
is easy to handle and slips readily into a 
suit coat pocket 

Having the appearance of a light meter 
or camera, it attracts minimum attention 
from plant personnel during safety 
checks. The one-piece cast aluminum 
case is light in weight, but extremely rug- 
The Geiger tube or 


ged and waterproof 


battery may be changed in seconds and 
without tools. Controls are simple, even 
for non-technical personnel, and the 
meter is easy to read. 

Accuracy is +10°% of full scale on 
both scales for energies from 50 to 1,200 
kev. The Radiameter is useful for moni- 
toring energies as low as 15 kev. In the 
presence of radiation of high intensity, 
the instrument does not overload but 
continues to read off-scale. It can be 
zeroed even in a strong field. Its fast 
response permits monitoring x-ray in- 
stallations turned on only momentarily 
Battery life is long—approximately 140 
hours 

Available accessories include a probe 
to multiply sensitivity by 10, a tube to 
divide sensitivity by 10, an alpha tube, 
a radium calibration source, a push- 
button on-off switch, and an attractive 
leather carrying case. Write for details 


Component and Instrument Soles Department 


FLECTROWN 
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the future 
resides in 

MEN WITH 
IMAGINATION! 


alamos 


scientific laboratory 


++ the nation's most im- 
portant institution for 

the development of nuclear 
and thermonuclear 
weapons is seeking 
professional engineers and 
scientists, particularly those 
vitally interested in the 
development of the 
atomic oge. 


In addition to its continuing 
and ever-expanding achieve- 
ment in weapons research, 
the Laboratory is now 
pioneering in the fascinating 
fields of nuclear and 
thermonuclear power and 


nuclear propulsion. 


At the Laboratory, staff members 
have the opportunity of 
associating with leuders in 
research and experimentation... 
of working with some of the 
Western World's finest 
equipment and facilities... 
of winning recognition... 
of achieving advancement 
commensurate with ability. 


if you would like more infor- 
mation about the Laboratory's 
career opportunities wivich 
are not civil service... 
about the delightful climate 
and area in which 

Los Alamos in located. 


send your inquiry to DEPARTMENT 


OF SCIENTIF 
PERSONNEL 
Division 408 


los 
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Sten 


Prighycers 
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19 
13 
13 
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13 


carbox 190 


odium nonano 


13 

190 13 

190 8, 11, 13 

3. it. 3 
19 


LUO 
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LuO 


550-590 8, 13 
13 
‘1.43 
11, 13 


19 

odium pyruvi 00 

Sodium pyruy 650 
760 


Sodium pyruy 
4, 8, 11, Phthalic anh 
13, 14, dride 
19 P Amino salu 
190-250 3, 11, 13 
19 
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3, 19 
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8, 11, 16 
16 a ; 600 
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INDUSTRY NOTES 


& Glenco Corp., Metuchen, N. J., an 
ciate of Gulton Industries, Ine. 
expanding into the nuclear field 
in investigation of radia- 
m barium titanate and 
electrics 


> Radiation Instrument Development 
Laboratory, nuclear instrument man- 

turer, has moved to larger quar- 
737 S. Halsted St., Chicago 


l 


Thompson Products, Inc., Cleve- 


Ohio, a principal manufacturer 
raft, automotive, and electronic 
lucts, has set up a nuclear depart- 
t headed by Andrew L. Pomeroy. 
Manager of 
Projects will be Harry L. 
Director of Facili- 
AEC's 


The new depart- 


se ng with him as 
Atom 
Browne, formerly 

Planning at Sante Fe 
()perations Office 
ria require small concerns in 
iuclear field and will consider 

ng a nuclear power study group 
George Weil, U. 8. technical director 


the Geneva conference, will con- 


r the new organization. 


® Tracerlab, Inc. has appointed Dr. 
Charles W. Tittle as manager of its 
vestern division, 2030 Wright Ave., 

md, Calif Dr. Tittle had 


id of the nuclear physi Ss SeC- 


| 


f the Gulf Research and Devel- 


ent Corp 


Sensitive Research Instrument 


Corp., electrical instrument manu- 
ture! has moved to 310 Main St., 


Rochelle, N. Y 


P Richard C. Cole, plant manager of 
City mill of Vitro 


been made assistant 


the Salt Lake 
Uranium Co., has 
ral manager of the company to 
| their position in the fields of 


hy ind refining 


& Atomic Instrument Co., Cambridge 
has acquired controlling inte! 

i Kaye Development Co., Inc., 

valk, Conn., maker of elee 
evaluation instruments 


ited detection devices 


® Consolidated Engineering Corp., 
Pasadena, Calif., has changed its name 
Consolidated Electrodynamics 


Corp 


BP Everett N. Seider lias been ap 


nted marketing manager of ther 


lucts b ALCO products Ine 
Schenectady, N. ¥ 
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NOTHING FINER . . . At any price! 


Spinco Model XR2 
Laboratory Type-BETA,//GAMMA GM SURVEY METER 


Check these desirable features .. . 


Spin I ‘ have been chosen by the I S. Government f Anta Opera n Deeptreeze 


Dependability—Greater Reliability—Extreme Accuracy—Un 
Long Battery Life—Waterproof and Fungus-proofed 


No Zero Set——-No Zero Drift 
Send for Technical Brochure 


Maximum 
excelled Ruggedness 
2, 0-2, 0-20 Mr/Hr 


for Immediate Delivery- 


Range: 0 
In Stock 


SPINCO MANUFACTURING CO., INC. 


2632-36 West Cumberland Street, Philadelphia 32, Pa 


Phone: SAgamore 2-2662 








tHE NMC mosie 


Beta-Gamma 


AIR MONITOR 


Model AM-2 


Measures 


Falf-Out 


ACCURATELY + RELIABLY + CONVENIENTLY 


For Use Wherever Airborne 
Radioactivity Is Encountered 


A mobile self-contained unit for 
detecting high-energy beta, and 
gamma. Automatic warning system 
for “caution” and “danger” levels. 
No reported failures in over 300,000 
hours of field operation. Weight: 
450 Ibs. net; 500 Ibs. for shipping. 


$2480.00 


F.O.6. INDIANAPOLIS 


FREE CATALOG 

\ Catalog N-8 covers NMC's complete 
line of nuclear instruments. 
Send for your free copy 


Nuclear Measurements Corp. 
INDIANAPOLIS i8, ino 


2460 WN. ARLINGTON AVE. * 





LINDE synthetic sapphire windows LEI | ERS_ 


Trade-Mark 


hard... strong... chemically inert 


excellent optical transmission — >W'8s Atomic Activity— 
Corrections 
long been accepted as a material wi 
resistance, strength at hig 
transmission of ultra-violet 
radiation. It is finding man 
t can be produced in disks up to 
rhis form allows its excellent optic 
aiong with its outstanding che 
ropertie to be used to advantage 
t application 
al sapphire windows are avail 
to 2 in. and in thicknesse 
re commonly supplied with 
lass polish. For further informati 


nearest LINDE office 


LINDE AIR PRODUCTS COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street wcC New York 17. N. Y 


Offices in Other Principal Cities 


ered trade-mark o » Carbide and Carbon Corpor 





1 
RADIATION INSTRUMENT CO. 


MERCURY PULSER 


radiation | 
S h ie d ! ng a Kh | Featuring Versatility and Precision 


MODEL 401 $12500 FOB PLANT 


SPECIFICALLY 

[, RAY PROOF DESIGNED 

| SOLID LEAD 
BLOCK 

TYPE 54 NUCLEAR 


> . PHYSICS 
| HIGH DENSITY | 
“GLASS BLOCK | LABORATORY 
TYPE 34) 
—< “SS. FRAME FAST RISE AND EXPONENTIAL DECAY SIMULATES 
rw, | SCINTILLATION, PROPORTIONAL OR GEIGER COUN 
>) RAY PROOF TER PULSES FOR TEST AND CALIBRATION OF AMPLI 
————t—~--—*@HIGH DENSITY | FIERS, PULSE HEIGHT ANALYZERS, SCALERS, ETC 
“1 CONC. BLOCKS 
Irype Si) Rise time: less than 0.003 microsecond 


La Decay time: selector switch for |, 10 of 100 


LM } microsecond RC decay 
a ae 


Pulse amplitude: | mV to 1 V in 10 steps (from 


~<A, 
HOT CELL WALL SECTION | internal supply) 


Provision for external battery for pulses up to 45 
Our materials are Volts (continuously variable) 
d : d ' ' Provision for calibration by external potentiometer 
esigne o meer your Polarity switch permits selection of positive or nega 
shielding specifications. tive pulses 


Hy Output contains only pulses of desired polarity 
Wl 


for the 


























Lotest improved Western Electric mercury relay 
Repetition rate 3600 ppm 


sh] Precision Resistors throughout for high accuracy and 
i} stability 
R AY p R 00 7 | Stable mercury cell, protected by AC relay, lasts for 
| shelf tife 
OrRP RATION | 
) WEST Sath STREET, NEW YORK, } RADIATION INSTRUMENT CO. 
ER SPRING, MARYLAND 
WE SOLICIT YOUR INQUIRIES [° SOX”™ ott 
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ng heavy water research reactor 


U,00U K ind the Geneva swimming SEARCHLIGHT , : ” Eee 
pam genoa aah WHERE 


. fied Ady 
‘ be erected at Wurenlin- 


Zurich Four Swiss firms | TO Buy 


eri, Ciba. Escher Wyss. and 


th their powerful working UNDISPLAYED RATE 


1 aficte . mn in $1.50 a line. Minimum 3 lines 
1 it an | fine | lanning DISPLAYED RATE tract rates are based on the use of 6 oF 


Rates are per inch per insertion, Con- 


e projects $15.00 per inch 12 issues within the contract year, and 

; ADVERTISING INCH: {” on one col as specified below 

umn $} columns—W) inches—to a page me 
NEW ADVERTISEMENTS 1 Time 6 Times 12 Times 

Address 30 W. 42nd St New York 36 $21.75 20.25 18.75 

nuclear physicists N. Y., for January issue closing December | 5th 


we have done ré 


physics in Switzer- 














f our Universities and 





vorking in the U.S SOLA CONSTANT- PLASTIC PHOSPHORS 


VOLTAGE 
ATi APPLICATIONS 
gn countries TRANSFORMER FOR SCINTILLATION CA 7 
Fast Delivery—Competitive Prices 


En fluct , 
200 you mention ol ds fluctuating line For Technical Iaformation and quotation on 


voltage! your requirements write 


physicists who came OVER 60% OFF LARSEN NUCLEAR RESEARCH, INC 
° see . New : City 
Institute alone SCCTIS th fact ft ' > ' on0 ime ae 
“« 4 ' r it a nput 000 VA unit! And 
here's anotl bor I Air Forces 000 VA 
verstock S N 40768, Das 4 inputs! 9O 
125 V., 199 oA r 50 Isolated sex Larger Sizes Now Available 
Dr. P. SCHERRER yndary is consta s.0 1% from no load t 


V 
full-load of { amp. So. if you choose, use it Hi-D© LEAD GLASS WINDOWS 








a 0:11 \ tep-dowr And slash $147.50 


sa 
ff the factory t-input price For use in steel, lead, and concrete walls 
Brand new nal 


¥ wood 
bon , ou i rR ° wt oni $97.50 Send for Circular GS-4 
EXPORTERS: Note choice of 50 cycles.) PENBERTHY INSTRUMENT CO. 


THE M. R. COMPANY 4301 6th AVE. SOUTH: SEATTLE 8, WASH 
P. ©. Box 1220.0 Beverly Hills, Calif 














if there is anything you went A COMPLETE FILM BADGE SERVICE 


that other readers can supply RADIATION DETECTION 
ae OR ... something you don't want— ; t A 
; apy : that other readers can use COMPANY jana 
Advertise it in the 
Assemblies at Los SEARCHLIGHT SECTION 


readers may be inter 


VJ 
(hetober issue H. ¢ 


fh 


AIR MAIL REPORTING - 


























ny that she is not the 


that name it Los EMPLOYMENT OPPORTUNITIES 
NATIONAL The Advertisements in this section include all employment opportunities 
? executive, management, technical, selling, office, skilled, manual, ete 
Jezebel was born in 1944 COVERAGE Positions Vacant Civil Service Opportunities Employment Agencies 
4 Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 
desig 1 €. GC ‘ 
lesigned by Ken Greisen DISPLAYED ——-RATES UNDISPLAYED 
7 " ~ | ) 
William 1 civall Ie The advertising rate is $15.00 per inch for all $1.00 per line, minimum 3% lines. To figure 


miniaturized parts were not advertising appearing on other than a con- advance payment count 5 average words as a 
tract ba Contract rates quoted on request line 
Scivally had to 


channel pulse sort 


An advertising inch is measured j” vertically Box Numbers—counts as | line 
tubes onto a 13 & 17 on a column—3 columns—30 inches to a Discount of 10% if full payment is made in 
page advance for 4 consecutive meertions 


Phe circuitry Wits Subject to Agency Commission Not subject to Agency Commission 


] 
upon laver until the Send NEW ADS to NUCLEONICS, 330 W. 42nd St we closing Dec. 15th 








atomic ~ 
i vere usually blow *« ENGINEERS 
ipon Jezebel to keep het *« SCIENTISTS 





vithin reasonable limits 
nstalled in her reck 
title across het 

ite letters 


NUCLEAR INSTRUMENTATION 

RESEARCH DEVELOPMENT 

INDUSTRIAL APPLICATION 
Our E-X-P-A-N-D-I-N-G program in the Nucleonics Field offers ex 
I saw Jezebel was i ceptional opportunities for engineers and scientists in mu lear in 

toreroom with othe trumentation 

ipment which had out The men we have in mind should have advanced cde vrees in Elec 
inn wees Ondine trical Engineering, Mechanical Engineering, Chemical Engineering or 


r t} Physic ; ind have a strong knowledge ol basic principles of rite lear 
own tor ww Su 


iv 
reaction. 2 to 10 years experience in magne tic and electronic circuitry 
particul irly a applic d to servo-mechanisms, control and measurement 
techniques with emphasis on pring iples of radiation detection and 


control 
LEEDS and NORTHRUP CO. 


4901 Stenton Avenue, Philadelphia 44, Pa. 
Michigan 4-4900 
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EMPLOYMENT OPPORTUNITIES 


The General Electric Compatr nvites 
applications from qualified person 


for the following openings located 


Opportunities te San Francine Bay’ ate 


MECHANICAL ENGINEER 


for Engineers a 
* a 


» 180.000 KW ate 


COMMERCIAL NUCLEAR EnINEE 


with strong ‘ I 


background ! ut 


NUCLEAR peeiiaieds 
POWER PLANT suey ar 
DESIGN ieteon meme 


uddre 
Mr. F. kK. Peel 
ATOMIC POWER EQUIP- 
MENT DEPARTMENT 


DTT US Co ELECTRIC 


2155 South First Street 
San Jose, California 


specta 
} 





Union Carbide'’s New Division Offers New Opportunities 
CHEMICAL ENGINEERS 


Experienced in Nuclear Engineering 


For development and design of chemical processes to handle nuclear fuel 
materials for all types of 
heterogeneous reactors homogeneous reactors 
* For design of radiochemicals separations and applications research facilities 


UCC is one of the ou ( est and principal producer ot uranium 


concentrate ind has bee ‘ eum the atomic energy program since it 


inception This me : been set up to integrate and extend 


Union Carbide's div ‘ ti ie atomic energy field It principal 
objective ire te elope nt and product on activill 


to increase and impr ‘ T r rial ipplication of atomic enet 


Send Personnel Department 


UNION CARBIDE NUCLEAR COMPANY 


1D n Union Carbide and Carbon Corporat 
30 East 42nd Street, New York 17, New York 


For other opportunities with UNION CARBIDE NUCLEAR contact P. O. Box P, Oak Ridge, Tennessee 


— 


——— 


NUCLEAR 
SYSTEM 
ENGINEERS 


Eiectrical Boat Division of General Dynan 

ics Corporation, builders of the atomic 
submarines Nautilus and Sea Wolf, wil 
soon have under construction THREE new 
more advanced nuclear submarines. And 
Electric Boat now has openings for qua 

fied men who would like the challenge of 
helping to design these vessels and 


sther projects as we 


These ore permanent positions requiring 
a BS degree (an MS is preferable) and some 
reactor operating experience. Work will 
include analysis and engineering coordina 


tion on water reactor systems 


Please write complete details, including 
salory requirements, to Peter Carpenter. All 


inquiries in confidence 


Electric Boat Division 


GENERAL DYNAMICS CORP. 
GROTON, CONNECTICUT 


near New London on the Connecticut shore 





NUCLEAR POWDER METALLURGIST 


Excellent opportunity for qualified 
man to join Research Department of 
progressive company Prefer man 
with background and experience in 
nuclear powder metallurgy field. Car 
bide experience helpful. Salary com- 
mensurate with ¢ x perience and ability 
Submit resume including de scription 
of work, experience, education, refer 
ence present salary, etc. Location 
Pennsylvania 
P—-8035—Nucleonics 
330 W. 42nd St., New York 36, N. Y 














QUICK SOLUTION TO 
MAN POWER PROBLEMS 


through the EMPLOYMENT OPPORTUNITIES Section of tl 
tion. The market place f Ose flering or wanti the service 
engineering, tech el 

on to your man power problems 
ler 1) ‘ n » pust the type of men you n ed 


otter ' ‘ eth iti 


This section 
because its rea 
Waste circul oni \ aca You reach only the men you want 


NUCLEONICS 


330 West 42nd Street, New York 36, N. Y 





NUCLEAR POWER ENGINEER 


Wr r contact Pe nine ctor 
Edword Valves, inc Sub Rockwell Mfg 
Co., East Chicago, Indiana 

















Nuclear Instrumentation 
tr u 
str 








POSITION WANTED 


PHD Max 
dior < 
amplete re 


e, Geneva, 
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METALLURGICAL 
ENGINEERS 


SOLID STATE 
PHYSICISTS 


SVLVANIA’S rapid growth in the 


Atomic Energy field has created impor- 


tant openings for men of stature in the 


above categories 


Additionally, Sylvania offers the follow- 
ing benefits: Work in our ultra-modern 
research laboratories in Bayside, Long 
Island, less than 45 minutes from down- 
town New York City; enjoy company- 
paid hospitalization, catastrophic insur- 
an and life insurance benefiting the 

le family; as well as our outstanding 


beral savings and retirement plan and 


INTERVIEWS 
AT THE NUCLEAR 
SCIENCE &@ 
ENGINEERING 
CONGRESS 
Dec. 2 through 14 
ce the Cleveland newspapers 
detailed information regard 
ng interviews during this important 


ting. Or you may write nou 


interview appointment 


in Cleveland 


For those not attending the Cleveland 
Congress, please write directly to 
Mr. A. L. Holeomb « Atomic Energy Divisior 


¥ SYLVANIA ¥ 


SYLVANMIA ELECTRIC PROOUCTS NC 


Bayside, Long Island, N. ¥ 
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EMPLOYMENT OPPORTUNITIES 


... the development 
of NUCLEAR AIRCRAFT 
at CONVAIR--Fort Worth 


Progress is being made in the Applied Nuclear 
Field at CONVAIR — Fort Worth — in nuclear 
analysis, design and experimentation, including the 
fields of shielding, radiation effects and nuclear 
aircraft technology. 


As an integral part of General 
Dynamics Corporation’s program of 
pioneering in Nuclear Fields, CON- 
VAIR’S activities afford inviting 
opportunities for engineers and 
physicists to enter into Nuclear 
Development at its most 
advantageous stage. 


CONVAIR’S Nuclear Program offers highly rewarding 
career opportunities both by way of professional accomplish. 
ment and personal income. A company-sponsored, in-plant 
program enables candidates to earn graduate degrees in Nuclear 
Engineering. 


Fort Worth in the Great Southwest has an abun 
dance of sunshine ond dry fresh air conducive to outdoor 
living and recreation. Within a few minutes drive of 
Fort Worth ore seven large lakes which provide omple 


facilities for fishing and other woter sports 


For further details write M. L. TAYLOR 
CONVAIR Engineering Personnel Dept. WW 
Fort Worth, Texas 


Cc ON VAI R 


NV. 
c2 Alp, 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


FORT WORTH, TEXAS 





Continuing growth of 


TECHNICAL OPERATIONS’ 


staff at the 


— Operations Research Group 


of the Continental Army 


4B 
, Command increases our need for 
: e. above-ave rage 
("yl 


@ physicists HM experimental 
psychologists 


B mathematicians 


eOMOV kK 


@ physical chemists Mand others 


Employment with Technical Operations at 
Fort Monroe, Virginia, offers above-average 
rewards in a new and growing field to scientists 
who can qualify. Write for our brochure. 


’ 


elles 


Address Mr. R. A. Langevin 


TECHNICAL OPERATIONS, Inc. 


777 \4th STREET, N. W Te] WASHINGTON 5, D.C. 


LF 


A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 
“WHY and HOW booklet."’ 


McGraw-Hill Publishing Company, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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